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Abstrakt 
Cílem práce je modelování energetických potřeb pro vytápění a průběh vnitřních teplot v 
budově se skoro nulovou spotřebou energie. Součástí práce je ekonomické a energetické 
zhodnocení. Navržený systém vychází ze zásad aktivních domů. 
Klíčová slova 
Vytápění, Příprava teplé vody, Dům se skoro nulovou spotřebou energie, Aktivní dům, 
Solární systém, Tepelné čerpadlo  
 
Abstract 
The aim of the thesis is to model energetic needs for heating and temperatures progress in 
the building with almost zero energy consumption. The part of the work is the economical 
and energetic comparison. Proposed systems are based on knowledge of active houses.  
Keywords 
Heating, Preparation of Hot Domestic Water, Building with almost Zero Energy Consumption, 
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Houses with almost zero energy consumption are very popular nowadays and still this 
subject is much discussed and it separates the professionals into two groups. One is 
interested in this field and tries new processes and materials. The other group involves 
sworn opponents who believe that low-energetic houses have a many disadvantages.  
One of the newest knowledge in low-energetic constructions is co called active houses. 
“Active” it is because the house is able to produce more energy than it demands. 
This thesis is aimed on a house with almost zero energy consumption which is 
designed according to the principles of active houses. To prove that this system is able 
to work also on a non-residential building (kindergarten in this case), there is simulation 
done in a BSim software to model its energetic needs and thermal processes. 
One of goals of active house is to make a healthy and comfortable space for its 
inhabitants and at the same time it is made to save the environment as much as it is 
possible. The architecture of this type of house prefers large spaces and lot of daylight. 
Sun, natural light, fresh air and space affects positively human psychics and the living 
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1 OBJECT OF THE THESIS 
1.1 Goal of the Thesis 
The aim of this thesis is to model energetic needs for heating and temperatures 
progress of the house with almost zero energy consumption. The object is newly 
designed kindergarten in two versions. One version is two-storey, the second version is 
just single storey. The part of the work is also a comparison of these two buildings 
from economical and energetic point of view. There is a conclusion which of the two 
buildings is the most suitable as a building with almost zero energy consumption. 
Proposed systems are based on a new knowledge in the field of low-energy buildings, 
on so called active houses. There are designed solar collectors for preparation of hot 
domestic water, photovoltaic panels for producing of electricity and as a heating source 
there is designed a heat pump. The whole concept of active house is described below 
in this part of the thesis.  
In the second part, there are described both versions of kindergarten, defined their 
geometrical characteristics and shape factors, thermal transmittance coefficients and 
base evaluation of energetic label. There is also the economical and energetic 
comparison. 
The third part is oriented to the modelling. There is described whole process 
of modelling and individual variables. There are also included the outputs 
of the modelling program. The used program is Danish program called BSim. 
1.2 Chosen Method of Solution 
The program chosen for modelling is BSim. BSim is program for calculating and 
analyzing indoor climate, power demand and energy consumption in buildings. It is 
possible to simulate complex buildings with advanced heating and ventilation systems 
and operating strategies that vary over the course of the day and year. [1] 
The software was developed by the Danish Building Research Institute. [1]  
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2 SOLUTIONS USING COMPUTING TECHNOLOGY 
2.1 Software 
2.1.1 TRNSYS (Transient System Simulation) 
TRNSYS is a simulation program used in the fields of renewable energy engineering 
and building simulation for passive as well as active solar systems, it is used 
to simulate the behaviour of transient systems. TRNSYS is a commercial software 
package developed at the University of Wisconsin. One of its original applications was 
to perform dynamic simulation of the behaviour of a solar hot water preparation for 
a typical meteorological year so that the long-term cost savings of such a system could 
be ascertained. While the majority of simulations are focused on assessing 
the performance of thermal and electrical energy systems, TRNSYS can equally well 
be used to model other dynamic systems such as traffic flow, or biological processes. 
[2] [3]  
2.1.2 CalA (Calculation Area) 
By the CalA software it is possible simulate time stationary and in-stationary physical 
processes in 2D space. Usually the software is used for simulation of heat exchange 
by conduction with transfer and inner heat source. CalA is primarily used as a support 
for heat losses calculations; evaluation of condensation risk and evaluation 
of a minimal and a maximal surface temperature (e.g. floor heating). CalA software is 
developed at the Brno University of Technology. [4] 
2.1.3 IDA ICE 
IDA ICE is a dynamic multizone simulation application for accurate study of thermal 
indoor climate of individual zones as well as the energy consumption of the entire 
building. IDA is a Swedish program developed by Equa. [5] 
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3 ACTUAL TECHNICAL SOLUTIONS 
3.1 Introduction [6] 
Houses with low or almost zero energy consumption are still often discussed and they 
are in the main interest of professionals. Nowadays saving of finances or environment 
is minimally needed, if not directly necessary. At all times there are discovered new 
findings, processes and materials. The last top knowledge in this field is representing 
by so called active houses. The goal of active house is to create a pleasant and healthy 
place for its inhabitants without a negative influence on the environment and climate 
of the Earth.  
Active house could be a newly constructed building also as a reconstruction. 
The building could serve as an office building, public or dwelling houses and others. 
Active house concept offers a way how to project and renovate buildings with positive 
effect on its inhabitants and their health. It is focused on indoor and outdoor 
environment and on use of renewable energies. Whole idea has a three points 
of interest – energy, indoor climate and environment.  
From the energetic point of view, the house is very economical and all its energetic 
needs are covered by renewable energies which are taken from sources integrated 
in the house or from local energetic network. The house creates more pleasant and 
healthier life conditions, specifically by sufficient amount of day light and fresh air. 
A positive impact on environment is achieved thanks to optimised relation with house’s 
surrounding and to aimed source utilization. 
Natural sunlight and enough amount of daylight positively affects on human’s psychics. 
To obtain good living space it is necessary to feel the natural light inside the buildings, 
where people spend most of their time. Active house concept is focused directly 
on daylight and also on the fresh air amount, comfortable temperatures etc. All these 
factors help to avoid the SBS (Sick Building Syndrome) which still occurs in 30% 
of new and renovated buildings. SBS is caused by the insufficient amount of daylight, 
low venting and also by improper building materials which leaks a dangerous 
substances. 
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So the advantages of active house are in the energetic field as same as in the field 
of comfortable living.  
3.2 Energy [6] 
The building consumes around 40% of all energy we use. Considering overall energy 
consumption during whole lifetime of the building, its energetic demands are very 
important due to worldwide effort lower the risk of climatic changes and energy 
consumption.  
The concept of whole house – its orientation and used materials – is optimised 
in the way of the lowest possible energy consumption and in the way of usage 
renewable energies. The building orientation is important because of the maximal 
possible usage of the solar energy. By application of highly effective products, 
intelligent control systems, dynamic facade and windows solutions with optimised sun-
shading is created a building, which could be adapted to different day and night 
conditions.  
3.2.1 Evaluation 
Energetic evaluation considers the house as one unit; it includes all his energy 
consumption and CO2 emissions created during the production of building materials, 
construction and maintenance (heating, venting, preparation of hot domestic water, 
technical devices and appliances). It metered energy consumption and CO2 emissions 
on meter square and one person.  
3.2.2 Used Systems 
Energy consumption of active houses is usually in passive standard, some houses 
even produce more energy than is their annual demand. 
3.2.2.1 Preparation of Hot Domestic Water 
Systems for preparation of HDW include solar collectors usually placed 
on the building’s roof. Solar thermal panels of area 2 m2 prepare hot water per two 
persons per a day on average. 
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Heat sources for heating are solar collectors combined with heat pump. Heat pump 
could be powered electrically from PV panels or there could be solar pumps.  
Heating system is usually low-temperature floor heating. Important for heating during 
winter are passive solar gains got through window surfaces oriented to the North. 
In an optimal case and design it is possible to get up to the half of the demanded heat 
from the passive solar gains.  
3.2.2.3 Electricity 
Electricity is produced by photovoltaic (PV) panels placed on the roof together with 
solar collectors in the most cases. Area of 10.5 m2 produces around 1.67 kW of electric 
energy per a day. This is corresponding to two people daily demand. Area of PV panels 
on a four-member family house is around 40 to 50 m2. 
3.3 Indoor Climate [6] 
Active house design is focused on human health and space in more than one 
sentence. House orientation contribute to healthy interior and well-being, windows are 
placed to optimise day lighting. Intelligent control system regulates a heating, venting 
and lighting as well as building’s facade, windows and sun-shading. It maintain its 
flexible setting and so an optimal indoor climate in hot summer days or during cold 
winter. According to weather and needs of inhabitants, this system provides enough 
amounts of daylight and fresh outdoor air without a draught effect. 
Lighting level of individual rooms is given by its function and is higher than in majority 
of current buildings. Also an interaction between mechanical and natural ventilation (so 
called hybrid ventilation) helps to crate pleasant and healthy space. Used building 
materials contribute to well-being and they have a positive effect on pleasing indoor 
climate.  
Building’s disposal and architecture is generous. It put stress on large spaces and 
rooms are oriented with regard of their function. To a pleasant living contribute 
an emphasis on nice surrounding and large window surfaces.  
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Evaluation of active house includes also over-all evaluation of indoor climate, which is 
created primarily by light level, penetration of sunbeams and at the same time 
by reduction of possible glare, by fresh air supply, quality of interior air and by thermal 
comfort in a winter as well as in a summer. Materials are evaluated according their 
influence on an indoor climate. 
3.3.2 Used Systems 
In active houses there is installed an intelligent control system which automatically 
opens and closes windows due to necessity of ventilation or which adapts sun shades 
in hot summer day to prevent overheating. 
3.3.2.1 Daylight 
Residential rooms such as kitchens, dining or living rooms have windows situated 
at least to two different angles. Window surface in these rooms is around 40% of floor 
area. 
3.3.2.2 Ventilation 
The ventilation is natural from spring to summer. Placing of automatically opened 
windows ensure the stack effect. During the winter, there is running mechanical 
ventilation with heat recovery. 
3.4 Environment [6] 
Even the climate problem we are facing is worldwide; we have to consider a local 
environment and its uniqueness. Open attitude to solutions which respect divergences 
of local culture and infrastructure creates healthier surroundings with lower range 
of pollution and waste. Active house concept is focused on available natural sources, 
usage of local materials and landscape and vegetation shaping in built-up area.  
House design takes into consideration an evaluation for whole lifetime cycle of 
a building, local architectonic traditions and building materials, waste, water and 
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infrastructure. A whole house is in a harmony with its surroundings. It is designed 
in a way to adapt to a characteristic aspects and climatic conditions of given locality. 
Used materials have a minimal affect on environment and at the same time, there are 
used recyclable materials and natural sources in the most possible way such as 
rainwater. A house concept is concentrated to minimize waste from construction, 
maintenance and demolition. Design also includes an evaluation on local infrastructure.  
3.4.1 Evaluation 
Evaluation of active house includes whole lifetime of materials, utilization of local 
natural resources (such as rainwater), minimization of waste and interaction with local 
infrastructure. Evaluation is carried out for a whole lifetime period of the building as well 
as for the materials. 
3.4.2 Used Systems 
One thing is the energetic optimised solutions and systems design but the other thing is 
the inhabitants teach how to use them in their common life. That is why the systems 
should be user friendly and easy for operating. 
3.4.2.1 Rainwater 
Utilization of rainwater could be maximizing with water collectors which supply washing 
machine, toilets and garden. Granted thing is usage of saving faucets. 
3.4.2.2 Rooms Orientation 
Kitchen, dining and living room should be oriented by windows to the South and 
the West. The bedroom should be oriented to the East and the bathroom, supply or 
service room to the North. It is also often different disposal of the rooms than we are 
used to. Kitchen and living room are placed in the upper storey, where they could take 
advantage of daylight from roof windows. 
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3.5 Functional Schemes 
 
Figure 3-1: Functional Scheme of Active House Home for Live (Denmark) [7] 
 
Figure 3-2: Functional Scheme of Active House LichtAktiv Haus (Germany) [8] 
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4 DESIGNED SOLUTION 
4.1 Energy 
Calculated energy consumption is in passive standard. 
4.1.1 Preparation of Hot Domestic Water 
Hot Domestic Water is prepared by the system of solar collectors. Collector area is 
100 m2 in the two-storey version and 50 m2 in the single storey. Collectors are mounted 
on the flat roof of the building. 
4.1.2 Heating 
Designed heat source is heat pump of the ground/water type with ground collector. 
Heat pump is power electrically from the PV panels. Heating system itself is low 
temperature floor heating.  
4.1.3 Electricity 
Electricity is produced from PV panels which are placed on the flat roof of the building. 
4.2 Indoor Climate 
4.2.1 Daylight 
In the classes, the window surface is around 20% of floor area. In every class 
the windows are oriented to two different angles. 
4.2.2 Ventilation 
There is design mechanical ventilation with heat recovery. In the spring and summer it 
is combined with natural ventilation. 
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Rainwater is supposed to be collected and used for supplying toilets. There are water-
saving faucets. 
4.3.2 Rooms Orientation 
Two classes are oriented to the South and the West; two are oriented to the South and 
East. Service rooms on the first floor are oriented to the North. There are also skylights 
in the upper floor to take advantage of the natural daylight. 
 
VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ 








 FAKULTA STAVEBNÍ  
ÚSTAV TECHNICKÝCH ZAŘÍZENÍ BUDOV 
 
 
FACULTY OF CIVIL ENGINEERING 
INSTITUTE OF BUILDING SERVICES 
 
 
HEATING OF BUILDING WITH ALMOST ZERO 
ENERGY CONSUMPTION 
VYTÁPĚNÍ BUDOVY SE SKORO NULOVOU SPOTŘEBOU ENERGIE 




AUTOR PRÁCE                     Bc. ANNA KUBÁTOVÁ  
AUTHOR 
VEDOUCÍ PRÁCE                 doc. Ing. JIŘÍ HIRŠ, CSc. 
SUPERVISOR 
BRNO 2012         
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 





List of Tables .............................................................................................................. 31 
List of Figures ............................................................................................................. 33 
1 Description and Characteristics of Building .......................................................... 34 
1.1 Description of Building .................................................................................. 34 
1.2 Characteristics of Individual Structures ......................................................... 34 
1.3 Characteristics of Building (Version A) .......................................................... 35 
1.4 Characteristics of Building (Version B) .......................................................... 36 
2 Thermal Characteristics and Heat Losses............................................................ 37 
2.1 Climatic Conditions ....................................................................................... 37 
2.2 Composition of Structures and theirs Thermal Transmittance Coefficients.... 37 
2.2.1 Evaluation of Average Thermal Transmittance Coefficient (Version A) .. 38 
2.2.2 Evaluation of Classification Indicator CI (Version A) .............................. 39 
2.2.3 Average Thermal Transmittance Coefficient (Version B) ....................... 39 
2.2.4 Evaluation of Classification Indicator CI (Version B) .............................. 40 
2.3 Heat Losses Calculation ............................................................................... 40 
2.3.1 Version A ............................................................................................... 40 
2.3.2 Version B ............................................................................................... 41 
2.4 Specific Heat Demand .................................................................................. 41 
2.4.1 Version A ............................................................................................... 41 
2.4.2 Version B ............................................................................................... 41 
3 Proposed System of Heating ............................................................................... 42 
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




3.1 Heat Source.................................................................................................. 42 
3.1.1 Design of Heat Pump (Version A) .......................................................... 42 
3.1.2 Design of Heat Pump (Version B) .......................................................... 43 
3.1.3 Alternative ............................................................................................. 43 
3.2 Heating Bodies ............................................................................................. 43 
3.2.1 Alternative ............................................................................................. 44 
4 Proposed System of Hot Domestic Water Preparation ......................................... 45 
4.1 Calculation of Water Demand ....................................................................... 46 
4.1.1 Version A ............................................................................................... 46 
4.1.2 Version B ............................................................................................... 46 
4.2 Comparison of Theoretical Calculation and Real Water Demand .................. 47 
4.2.1 Calculated Theoretical Water Demand .................................................. 47 
4.2.2 Comparison ........................................................................................... 47 
4.3 Design of Solar Collectors ............................................................................ 48 
4.3.1 Version A ............................................................................................... 48 
4.3.2 Version B ............................................................................................... 48 
4.4 Solar Surpluses ............................................................................................ 48 
5 Schemes of designed systems ............................................................................ 49 
5.1 Scheme of Heating ....................................................................................... 49 
5.2 Scheme of Hot Domestic Water .................................................................... 50 
6 Heat Balance ....................................................................................................... 51 
6.1 Heating Outputs ............................................................................................ 51 
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




6.2 Heat Balance ................................................................................................ 53 
7 Economical Evaluation ........................................................................................ 55 
7.1 Version A ...................................................................................................... 55 
7.1.1 Heating System ..................................................................................... 55 
7.1.2 Hot Domestic Water Preparation ........................................................... 55 
7.1.3 Total ...................................................................................................... 56 
7.2 Version B ...................................................................................................... 56 
7.2.1 Heating System ..................................................................................... 56 
7.2.2 Hot Domestic Water Preparation ........................................................... 57 
7.2.3 Total ...................................................................................................... 57 
7.3 Comparison .................................................................................................. 57 
 
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




LIST OF TABLES 
Tab. 1-1: Basic Parameters of Building ...................................................................... 34 
Tab. 1-2: Basic Technical Parameters of Building (Version A) .................................... 35 
Tab. 1-3: Basic Geometric Parameters of Building (Version A) ................................... 35 
Tab. 1-4: Basic Technical Parameters of Building (Version B) .................................... 36 
Tab. 1-5: Basic Geometric Parameters of Building (Version B) ................................... 36 
Tab. 2-1: Local and Standardized Climatic Conditions................................................ 37 
Tab. 2-2: Thermal Transmittance Coefficient of Roof Structure .................................. 37 
Tab. 2-3: Thermal Transmittance Coefficient of Ground Floor .................................... 38 
Tab. 2-4: Thermal Transmittance Coefficient of External Wall .................................... 38 
Tab. 2-5: Thermal Transmittance Coefficient of Windows and Openings .................... 38 
Tab. 2-6: Average Thermal Transmittance Coefficient ................................................ 38 
Tab. 2-7: Average Thermal Transmittance Coefficient of Reference Building ............. 39 
Tab. 2-8: Average Thermal Transmittance Coefficient ................................................ 39 
Tab. 2-9: Average Thermal Transmittance Coefficient of Reference Building ............. 40 
Tab. 2-10: Specific Heat Demand for a Non-residential Building acc. to ČSN 73 0540-2
 ................................................................................................................................... 41 
Tab. 3-1: Properties of Heat Pump IVT Greenline HE E6 ........................................... 43 
Tab. 4-1: Water Demand acc. to Decree No 120/2011 Collection of Laws .................. 46 
Tab. 4-2: Real Water Demand .................................................................................... 47 
Tab. 4-3: Properties of Collector KPG-ALC ................................................................ 48 
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




Tab. 6-1: Heating Outputs in Individual Thermal Zones .............................................. 51 
Tab. 6-2: Specific Heating Consumption in Individual Thermal Zones ........................ 52 
Tab. 6-3: Heat Balance ............................................................................................... 53 
Tab. 7-1: Approximate Budget of Heating System Components (Version A) .............. 55 
Tab. 7-2: Approximate Budget of Solar System Components (Version A) .................. 56 
Tab. 7-3: Approximate Budget of Heating System Components (Version B) .............. 56 
Tab. 7-4: Approximate Budget of Solar System Components (Version B) .................. 57 
  
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




LIST OF FIGURES 
Figure 4-1: Closed Solar System ............................................................................... 45 
Figure 5-1: Heating Scheme ...................................................................................... 49 
Figure 5-2: Hot Domestic Water Scheme ................................................................... 50 
Figure 6-1: Total Heating Outputs .............................................................................. 51 
Figure 6-2: Heating Outputs of Individual Thermal Zones .......................................... 52 
Figure 6-3: Specific Heating Consumption of Individual Thermal Zones..................... 53 
Figure 6-4: Heat Balance ........................................................................................... 54 
 
  
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




1 DESCRIPTION AND CHARACTERISTICS OF BUILDING 
1.1 Description of Building 
Object is designed as a building with almost zero energy consumption with purpose 
as a kindergarten. The construction is designed as wooden structure. It is a newly 
designed non-constructed object. It was supposed to be built in the village Líbeznice, 
which is located approximately 10km from Prague. Building has a rectangular shape 
with dimensions 20.15 m and 21.65 m and with the flat roof. The main entrance is from 
the street, it is situated to the West. The service and supply entrance is situated 
to the North.  
There are two versions of the object elaborated in this thesis. Version A of the building 
is two-storey and version B with only one storey.  
Tab. 1-1: Basic Parameters of Building 
Identification of Purpose Version A Version B 
Purpose of Building Kindergarten 
Number of Classes 4 2 
Number of Kids 100 50 
Max Number of Adults 14 8 
1.2 Characteristics of Individual Structures 
The skeleton is made from wooden profile KVH and BSH dried up to 12%. All the walls, 
except the reinforced concrete walls of building core of thickness 250 mm, are made 
as sandwich structures from Ekopanels and thermal insulation Isocell. Ekopanel has 
a core from pressed straw which is clad by recycled cardboard. Isocell is blown-in 
cellulose insulation made of used newspapers. 
The thickness of external wall is 570 mm. It is made by two Ekopanels of thickness 
58 mm and space between them is filled with thermal insulation Isocell. On the internal 
face of the wall there is plasterboard of thickness 9,5mm, the external finishing is made 
by thin-coat plaster STO with reinforcing fabric. 
The partitions are made of Ekopanels and plasterboards.  
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The thickness of ground floor structure is 530 mm. The floor consists of waterproofing 
layer, thermal insulation, levelling layer and floor finishing. It is bedded on concrete slab 
and hardcore. 
The roof is flat and around 1200 mm thick with dual cladding and 2% inclination.   
1.3 Characteristics of Building (Version A) 
Building consists of two floors, each with different lay out. Layouts are in Appendix A1. 
In the first floor, there are situated two class rooms, two sanitary rooms, two changing 
rooms, a toilet, a supplying room, a meal preparation room and a store room. 
 In the second floor, there are situated also two class rooms, two sanitary rooms, two 
changing rooms, a supplying room, a preparation room and a service utilization room, 
a changing and sanitary room for employees, a headmaster’s office and a common 
room. 
Tab. 1-2: Basic Technical Parameters of Building (Version A) 
Object Volume 
Number of Above-ground Storey 2 
Number of Under-ground Storey 0 
Built-up Area 424.19 m2 
Enclosed Heated Space 3421.13 m3 
Area of External Vertical Structures 568.30 m2 
Area of Opening Filling 130.05 m2 
Roof Area 409.34 m2 
Ground Floor Area 374.05 m2 
Tab. 1-3: Basic Geometric Parameters of Building (Version A) 
Object Volume 
Total Area of Cooled Structures 1 481.74 m2 
Total Volume of Enclosed Heated Space 3421.13 m3 
Geometric Characteristic of Building A/V 0.43 m-1 
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1.4 Characteristics of Building (Version B) 
Building consists of one floor, where are situated two class rooms, two sanitary rooms, 
two changing rooms, two toilets, a supplying room, a meal preparation room, a store 
room, three service utilization rooms, a common room and a headmaster’s office. 
Layout of the building is in Appendix A2. 
Tab. 1-4: Basic Technical Parameters of Building (Version B) 
Object Volume 
Number of Above-ground Storeys 1 
Number of Under-ground Storeys 0 
Built-up Area 424.44 m2 
Enclosed Heated Space 1 895.14m3 
Area of External Vertical Structures 337.85 m2 
Area of Opening Filling 65.16 m2 
Roof Area 424.44 m2 
Ground Floor Area 374.33 m2 
Tab. 1-5: Basic Geometric Parameters of Building (Version B) 
Object Volume 
Total Area of Cooled Structures 1 201.78 m2 
Total Volume of Enclosed Heated Space 1 895.14 m3 
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2 THERMAL CHARACTERISTICS AND HEAT LOSSES 
2.1 Climatic Conditions 
Because the village Líbeznice is situated 10 km far away from Prague, the design was 
made for Prague’s climatic conditions. Basic climatic conditions and design values 
in Prague are given in the tables below. 
Tab. 2-1: Local and Standardized Climatic Conditions 
Design Temperature of Prague Region Temperature [°C] 
Temperature for Start of Heating 13 
Design External Temperature -12 
 
Long-term Standard Prague CR 
Middle Air Temp. in Heating Season tes 4.3 °C 3.8 °C 
Number of Days in Heating Season d 225 242 
Accumulated Temperature Differences D 3083 3436 
                      
2.2 Composition of Structures and theirs Thermal Transmittance 
Coefficients 
In the tables below, there are listed thermal transmittance coefficients of the individual 
structures and its needed values. Required and recommended values and calculation 
formulas are according to ČSN 73 0540- 2. 
Tab. 2-2: Thermal Transmittance Coefficient of Roof Structure 
Structure nb.1 ROOF 
Thermal transmittance coefficient U = 0.085 W/m2K 
Required thermal transmittance coefficient UN = 0.24 W/m
2K 
Recommended thermal transmitt. coeff. UR = 0.15 - 0.10 W/m
2K 
Evaluation   UN > U; UR>U SUITABLE 
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Tab. 2-3: Thermal Transmittance Coefficient of Ground Floor 
Structure nb.2 GROUND FLOOR 
Thermal transmittance coefficient U = 0.151 W/m2K 
Required thermal transmittance coefficient UN = 0.45 W/m
2K 
Recommended thermal transmitt. coeff. UR = 0.22 - 0.15 W/m
2K 
Evaluation   UN > U; UR>U SUITABLE 
Tab. 2-4: Thermal Transmittance Coefficient of External Wall 
Structure nb.3 EXTERNAL WALL 
Thermal transmittance coefficient U = 0.104 W/m2K 
Required thermal transmittance coefficient UN = 0.30 W/m
2K 
Recommended thermal transmit. coeff. UR = 0.18 - 0.12 W/m
2K 
Evaluation   UN > U; UR>U SUITABLE 
Tab. 2-5: Thermal Transmittance Coefficient of Windows and Openings 
Structure nb.4 WINDOW 
Thermal transmittance coefficient U = 0.71 W/m2K 
Required thermal transmittance coefficient UN = 1.5 W/m
2K 
Recommended thermal transmitt. coeff. UR = 0.8 - 0.6 W/m
2K 
Evaluation   UN > U; UR>U SUITABLE 
2.2.1 Evaluation of Average Thermal Transmittance Coefficient (Version A) 
Tab. 2-6: Average Thermal Transmittance Coefficient 
 
Structure A [m2] U [W/m2K] bi [-] HT [W/K] 
1 External wall 568.30 0.104 1 59.10 
2 Roof 409.34 0.085 1 34.79 
3 Ground floor 374.05 0.151 0.49 27.68 
4 Windows 130.05 0.71 1.15 106.19 
  Σ 1 481.74   Σ 227.76 
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Tab. 2-7: Average Thermal Transmittance Coefficient of Reference Building 
 
Structure A [m2] U [W/m2K] bi [-] HT [W/K] 
1 External wall 568.30 0.3 1 170.49 
2 Roof 409.34 0.24 1 98.24 
3 Ground floor 374.05 0.45 0.49 82.48 
4 Windows 130.05 1.5 1.15 224.34 
  Σ 1 481.74   Σ 575.55 
      
          
   
      
      
       
                 
          
                      
      
2.2.2 Evaluation of Classification Indicator CI (Version A) 
Evaluation of classification indicator CI is calculated with value of average thermal 
transmittance coefficient Uem. 
   
   
    
 
    
    
      
Classification grade A. Energetic Label is in Appendix B1. 
2.2.3 Average Thermal Transmittance Coefficient (Version B) 
Tab. 2-8: Average Thermal Transmittance Coefficient 
 
Structure A [m2] U [W/m2K] bi [-] HT [W/K] 
1 External wall 337.85 0.104 1 35.14 
2 Roof 424.44 0.085 1 36.08 
3 Ground floor 374.33 0.151 0.49 27.70 
4 Windows 65.16 0.71 1.15 53.20 
  Σ 1 201.78   Σ 152.12 
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Tab. 2-9: Average Thermal Transmittance Coefficient of Reference Building 
 
Structure A [m2] U [W/m2K] bi [-] HT [W/K] 
1 External wall 337.85 0.3 1 101.36 
2 Roof 424.44 0.24 1 101.87 
3 Ground floor 374.33 0.45 0.49 82.54 
4 Windows 65.16 1.5 1.15 112.40 
  Σ 1 201.78   Σ 398.17 
      
          
   
      
      
       
                 
          
                      
      
2.2.4 Evaluation of Classification Indicator CI (Version B) 
Evaluation of classification indicator CI is calculated with value of average thermal 
transmittance coefficient Uem. 
   
   
    
 
    
    
      
Classification grade A. Energetic Label is in Appendix B2. 
2.3 Heat Losses Calculation  
Heat losses are calculated by computing program Ztráty 2009. Protocol of computation 
is part of Appendix C. 
QT.........Heat losses by transmission [kW] 
QV.........Heat losses by ventilation [kW] 
QHL........Heat losses total [kW] 
2.3.1 Version A 
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2.3.2 Version B 
                               
             
2.4 Specific Heat Demand 
Specific heat demand is calculated by computing program Ztráty 2009. Protocol 
of computation is part of Appendix C. 
E……Specific Heat Demand [kWh/m2.a] 
Tab. 2-10: Specific Heat Demand for a Non-residential Building acc. to ČSN 73 0540-2 
Type of Building Specific Heat Demand 
Passive house < 15 kWh/m2.a 
House with almost zero energy consump. < 30 kWh/m2.a 
2.4.1 Version A 
                                       
     
Version A of the building is even in passive standard. 
2.4.2 Version B 
                                       
     
Version B of the building is in a standard of a house with almost zero energy 
consumption.  
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3 PROPOSED SYSTEM OF HEATING 
3.1 Heat Source 
Heat source would be chosen to be suitable for building with almost zero energy 
consumption. It means it would take benefits of alternative energy sources and it would 
have the lowest possible impact on environment. 
As a heat source in this case, there is designed a heat pump of water/ground type with 
ground collector. This type of heat pump is very economical friendly; the price is 
comparable with the price of water/air heat pump and the efficiency of the pump is 
quite stable because of the stable temperature of the ground. The collector is usually 
placed in the depth of frostline – 1 m above the ground. For power 1 kW of the heat 
pump, there is needed approximately 30 m2 of the land. 
Heat pump water/ground takes energy which stays in soil from solar radiation. It takes 
around 2% of energy from the ground below the collector; remaining 98% takes 
from the layer of ground above the collector, where solar radiation is accumulated. 
Ground collector is actually a large solar collector supplemented by soil heat 
accumulator with annual cycle of charging and discharging. [9] 
Heat pump should be designed for app. 70% of heat losses, the rest of heat losses 
should be covered by bivalent heat source and a most common one is electric boiler.  
3.1.1 Design of Heat Pump (Version A) 
QHL........Heat losses total [kW] 
QP.........Heat output of heat pump [kW] 
             
                                 
           
PROPOSAL: IVT GREENLINE HE E6 
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3.1.2 Design of Heat Pump (Version B) 
             
                                  
           
PROPOSAL: IVT GREENLINE HE E6 
Tab. 3-1: Properties of Heat Pump IVT Greenline HE E6 [9] 
Temperatures Output Heating factor 
0°C/35°C 5,5 4.1 
0°C/45°C 5,1 3.2 
3.1.3 Alternative 
There is possibility of using a heat pump of air/water type with cooling. The advantage 
of this heat pump is that it can be used for floor cooling in summer days. Also when 
there is ventilation with heat recovery designed, a waste air can be used to increase 
a heat pump power. The outflow of a recovery unit has to be mounted to flow the air 
to a heat pump. When this system works correctly there is also a possibility 
of neglecting a frost protection of a heat pump. 
3.2 Heating Bodies 
There will be placed a floor heating as the most suitable type of heating body.  
Floor heating is used in buildings with almost zero energy consumption especially 
because of low temperatures in water system. The temperature gradient of whole 
system is usually around 75/55°C and the gradient of floor heating is around 40/30°C. 
A floor heating is running on a radiation principle when heated air is slowly rising. 
Therefore it is always warmer in lower layers and it is more comfortable for inhabitants. 
Warm floor avoid the feeling of “cold foots” and the thermal comfort of users is reached 
with lower temperatures. There is also more sustainable temperature distribution 
in a space than in use of radiators.  
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The disadvantages of floor heating systems are slow start and slow reaching 
of the operational temperatures. It also has a long thermal inertia. But in the case 
of a kindergarten these facts are not so big problem, because the kindergarten needs 
to be heated everyday of heating season. 
Another advantage of floor heating in a kindergarten is safety. When using radiators it 
is needed to secure them to avoid child’s injury, this problem is skipped by using a floor 
heating.  
3.2.1 Alternative 
There is also a possibility of combination of floor and wall heating. The wall heating can 
be installed in a wall of a building core.  
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4 PROPOSED SYSTEM OF HOT DOMESTIC WATER 
PREPARATION 
Hot domestic water will be prepared by a solar system.  
Water in the solar system is usually heated to 55 – 65°C. The higher is requested 
temperature; the lower is collector’s efficiency. 
The solar system will be closed. Closed or indirect solar water heating system is 
a system containing heat exchanger. The fluid which flows through solar collectors is 
isolated from other fluids in a system. For the reliable and long-standing operation 
of the system the closed system with indirect heating is more convenient. Inside 
the collector, there have to be a non-freezing liquid which enable the year-round 
functioning. It is necessary that the system for preparation of hot domestic water will 
also include an expansion tank, a safety valve, a deaerating and a filling system, 
a pump with electronic regulation and a copper or steel piping with thermal insulation. 
  
 1 - Solar collectors 
 2 - Heat exchanger 
 4 -Expansion tank 
 5 - Storage water heater 
 6 - Appliances 
 
 
Figure 4-1: Closed Solar System [10] 
Solar collectors will be placed on a flat roof and oriented to South. Convenient 
inclination of the collectors on a flat roof is 40° and more. It is recommended 
to assemble the collectors on a raised bearing construction at least 50 cm above 
the roof. 
The collectors will be flat. This type is fully sufficient for a heating of hot domestic 
water. 
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4.1 Calculation of Water Demand 
Tab. 4-1: Water Demand acc. to Decree No 120/2011 Collection of Laws 
Kindergarten with all-day operation Water demand Q [m3/per·year] 
WC, lavatory 8 
WC, lavatory and showering 16 
Catering – kitchen, dining rooms Water demand Q [m3/per·year] 
Cooking, dishes washing, WC, lavatory 8 
Delivery, dishes washing, WC, lavatory 3 
In the following calculation it is considering the water demand 8 m3/per·year plus 
3 m3/per·year for the preparation of a delivered food.  
QS......Specific water demand per day [m
3/per·day] 
QD......Average daily water demand [m
3/ day] 
QY......Annual water demand [m
3/year] 
np……Number of people [-] 
nd……Number of working days in year [-] 
                     
   
 
   
 
  
   
                 
4.1.1 Version A 
                          
      
                         
       
4.1.2 Version B 
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4.2 Comparison of Theoretical Calculation and Real Water Demand 
Real data of water demand were provided by Ing. Ladislav Bárta, CSc. In compared 
kindergarten there are 100 children, so it is the same amount as in Version A. But there 
is a kitchen for cooking, so the water demand is higher.  
Tab. 4-2: Real Water Demand 






4.2.1 Calculated Theoretical Water Demand 
                     
   
 
   
 
  
   
                  
                         
      
                        
         
4.2.2 Comparison 
          
       
          
       
                            
  
                            
  
                      
        
Difference between theoretical calculated and real water demand is around 15%. 
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4.3 Design of Solar Collectors 
There will be mounted solar collectors from Regulus Company. The type of collectors is 
KPG1-ALC.  
Tab. 4-3: Properties of Collector KPG-ALC [11] 
Collector Properties 
Optical efficiency ηo 0.794 
Linear coefficient of heat loss a1 3.64 W/m
2K 
Quadratic coefficient of heat loss a2 0.0168 W/m
2K2 
Area of collector AC 2.52 m
2 
Area of aperture AA 2.39 m
2 
Recommended flow 60 – 120 L/hr 
4.3.1 Version A 
          
                  
PROPOSAL: 40x Regulus KPG1-ALC 
Evaluation is in Appendix D1. 
4.3.2 Version B 
          
                  
PROPOSAL: 20x Regulus KPG1-ALC 
Evaluation is in Appendix D2. 
4.4 Solar Surpluses 
Summer surpluses can be avoided by installing dischargeable solar collectors or 
by shading a collector’s area.  
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5 SCHEMES OF DESIGNED SYSTEMS 
5.1 Scheme of Heating 
 
Figure 5-1: Heating Scheme 
1……Heat Pump 
2……Ground Collector 
3……Storage Water Heater 
4……Expansion Tank 
5…… Safety Valve 
6……Collector/Distributor 
7……Heat Circuit 1st Floor 
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5.2 Scheme of Hot Domestic Water 
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6 HEAT BALANCE 
There are compared heating outputs and heat balances of both versions 
of kindergarten calculated by the BSim software. 
6.1 Heating Outputs 
Tab. 6-1: Heating Outputs in Individual Thermal Zones 
Thermal Zone Version A Version B 
Classes 3 393.04 W 2 411.86 W 
Lavatory 563.73 W 450.92 W 
Changing 73.68 W 52.74 W 
Service 45.05 W 44.18 W 
Employees 9.28 W - 
Hall 87.86 W 121.47 W 
Total 4 172.64 W 3 081.17 W 
 
Figure 6-1: Total Heating Outputs 
Even the volume of the building B is twice as small as the volume of the building A, 
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Figure 6-2: Heating Outputs of Individual Thermal Zones 
Tab. 6-2: Specific Heating Consumption in Individual Thermal Zones 
Thermal Zone Version A Version B 
Classes 7.87 W/m2 10.90 W/m2 
Lavatory 13.65 W/m2 21.07 W/m2 
Changing 1.09 W/m2 1.49 W/m2 
Service 0.54 W/m2 0.90 W/m2 
Employees 0.54 W/m2 - 
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Figure 6-3: Specific Heating Consumption of Individual Thermal Zones 
6.2 Heat Balance 
Tab. 6-3: Heat Balance 
Output Version A Version B 
Heating 4 172.63 W 3 081.19 W 
Venting -29 984.35 W -14 707.03 W 
SunRad 16 797.45 W 10 806.23 W 
People 26 800.13 W 12 931.74 W 
Lighting 12 997.56 W 6 887.39 W 
Transmission -25 853.99 W -16 442.84 W 














MASTER THESIS  Bc. ANNA KUBÁTOVÁ 


















MASTER THESIS  Bc. ANNA KUBÁTOVÁ 




7 ECONOMICAL EVALUATION 
It is supposed that mounting of whole system will cost around 30% of calculated cost 
of components. 
7.1 Version A 
7.1.1 Heating System 
Heat pump, boiler - type: Heat pump ground/water type IVT Greenline HE E6, 
attachments: electric boiler, expansion tank, safety valve [9] 
Collector /distributor - type: EuroThex C/HK7 [12] 
Floor heating - type: Company Revel-Pex, price: including mounting [13] 










Heat Pump 1 pcs 207 000 CZK/pcs 207 000 CZK 
Coll./Distr. 2 pcs 26 000 CZK/pcs 52 000 CZK 
Floor Heat. 627 m2 590 CZK/m2 369 930 CZK 
Total    628 930 CZK 
7.1.2 Hot Domestic Water Preparation 
Solar Collectors - type: KPG1-ALC [11] 
Expansion Tank - type: Reflex S 500/10 (1) [14], Reflex N 18/3 (2) [15] 
Storage Water Heater - type: RBC 300 (1450 L/hr) [16] 
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Collectors 40 pcs 15 588 CZK/pcs 623 520 CZK 
Exp. Tank (1) 1 pcs 39 625 CZK/pcs 39 625 CZK 
Exp. Tank (2) 1 pcs 1 219 CZK/pcs 1 219 CZK 
Water Heater 1 pcs 22 680 CZK/pcs 22 680 CZK 
Total    687 044 CZK 
7.1.3 Total 
                                                    
7.2 Version B 
7.2.1 Heating System 
Heat pump, boiler - type: Heat pump ground/water type IVT Greenline HE E6, 
attachments: electric boiler, expansion tank, safety valve [9] 
Collector /distributor - type: EuroThex C/HK7 [12] 
Floor heating - type: Company Revel-Pex, price: Price includes mounting. [13] 










Heat Pump 1 pcs 207 000 CZK/pcs 207 000 CZK 
Coll./Distr. 1 pcs 26 000 CZK/pcs 26 000 CZK 
Floor Heat. 300 m2 590 CZK/m2 177 000 CZK 
Total    410 000 CZK 
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7.2.2 Hot Domestic Water Preparation 
Solar Collectors - type: KPG1-ALC [11] 
Expansion Tank - type: Reflex S 250/10 (1) [14], Reflex N 12/3 (2) [15] 
Storage Water Heater - type: RBC 200 (1280 L/hr) [16] 










Collectors 20 pcs 15 588 CZK/pcs 311 760 CZK 
Exp. Tank (1) 1 pcs 24 877 CZK/pcs 24 877 CZK 
Exp. Tank (2) 1 pcs 1 165 CZK/pcs 1 165 CZK 
Water Heater 1 pcs 19 908 CZK/pcs 19 908 CZK 
Total    357 710 CZK 
7.2.3 Total 
                                                  
7.3 Comparison 
                 
               
Price of Version A is 58% higher than price of Version B. 
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1  BSIM IN GENERAL 
1.1 About BSim [17; Foreword] 
BSim is a flexible computer program for calculating and analyzing indoor climate 
conditions, power demand and energy consumption in buildings. By developing 
a detailed mathematical model for the building, it is possible to simulate even highly 
complex buildings with advanced heating and ventilation systems and operating 
strategies that vary over the course of the day and year. 
BSim is a useful tool for planning and designing buildings, particularly when comparing 
and analyzing alternative design proposals with regard to energy consumption, thermal 
indoor climate and daylight conditions. The software also simulates operating 
conditions and the dynamic interplay between the building, the installations and their 
automatic control systems. In terms of analysis, the software is particularly suitable 
for parameter studies concerning, for example, incident solar radiation, exploitation 
of passive solar heat and the size and orientation of windows. 
The software calculates power outputs and energy flows within the building and 
between the building and its surroundings. For all the spaces or zones being simulated, 
the software will therefore calculate heat loss through transmission, infiltration and 
ventilation, heat input in the form of solar heat, heat and moisture given off by people 
and equipment, electricity consumption for lighting, and power demand and energy 
consumption for every component of the heating, cooling and ventilation systems. 
Indoor climate is calculated using hourly values for indoor air temperatures, surfaces 
temperatures, relative atmospheric humidity and air exchange for each zone. 
The software was developed at the Danish Building Research Institute in year 1999. 
1.2 Structure of BSim [17; Program Structure] 
The programs in the BSim suite are built up around SimView, a central program and 
user interface with model editor. In SimView, the model is displayed in a hierarchical 
tree summary on the left of the screen – like that used in Windows Explorer; and 
in the form of a graphical view on the right of the screen.  
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The graphical view is divided up into a floor plan, two elevations and a spatial view. 
North is displayed in the bottom right-hand corner of the floor plan to show the rotation 
of the current building. 
The models are defined in a system of spatial coordinates in which the X-axis is 
positive towards east; the Y-axis is positive towards north and the Z-axis in positive 
upwards.  
 
Figure 1-1: SimView 
1.3 SimDB Database [17; The SimDB Database] 
One of the central elements in BSim is the SimDB database, which contains default 
information about materials, constructions and windows. In principle the database 
contains two databases, one of materials (Building Material) and one of building 
elements (Building Elements), which are made up of a combination of materials. 
1.3.1 Building Elements 
Once the data for the materials have been defined in the Building Material section 
of the database, building elements can be developed on the basis of them. 
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1.4 Creating the Model and Editting the Model Geometry [17; SimView] 
A building is created in a SimView program. When a building is first created, it will 
contain one space. This really means that a building is created at the same time 
as the first space. The measurements describe the location of the system lines 
in the model. When constructions are subsequently attached to the individual faces, 
they are plotted according to the following convention – external walls are plotted 
from the system line inwards and internal walls are plotted with the system line 
as the centre line. 
Next space is created by selecting the face in the model that will adjoins the space 
to be added. In the dialog box, there is possibility of four geometry of the new space: 
box, cone, copy of current space and copy of whole storey. The geometry of real 
buildings cannot always be described by using simple boxes. It is therefore necessary 
to be able to edit the constructed geometry. This can be realized by splitting a faces, 
edges, moving vertices, adding new edges, moving whole faces etc. 
Faces do not only consist of non-translucent parts, they also include openings, 
windows and doors. A new term has been introduced in BSim. This term covers both 
windows and doors, as they behave the same in simulation contexts. Openings are 
dealt with under the same heading because their geometric position is defined 
in the same way and a WinDoor is basically added in an opening. 
 
Figure 1-2: WinDoor Dialog 
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1.5 Constructions [17; SimView] 
Model constructions are defined by the SimDB database. Constructions can be defined 
as defaults; it means it is possible to attach default constructions to all the building 
elements in one go. But not all construction can be attached as default in the various 
construction groups, of course. In this case, the desired construction is dragged 
from the database to the given construction in the model’s tree summary. 
 
Figure 1-3: SimDB Database Dialog 
1.6 Climate Data [17; Climate Data] 
A calculation cannot be carried out without an attached climate file. It is possible 
to search the computer manually for files containing climate data. If a weather data file 
is selected, information for the Location group is taken from it. The geographical 
position of the building is specified in Location using Latitude, Longitude and 
TimeZone.  
Clicking the Ground button opens the dialog box for defining outdoor conditions 
for the ground under the building.  
Climate data can be generated from a text file with hourly values for relevant climatic 
parameters.  
Climate data in this thesis are taken from Prague Ruzyně meteorological station. 
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Figure 1-4: Climate Data Dialog 
1.7 Thermal Zone [17; Thermal Zones] 
In BSim a thermal zone is one or more spaces in a building model that have been 
selected for simulation. A space has a description of geometry and constructions 
attached to it, whereas systems such as, for example, equipment, ventilation, heating 
plant, etc., can be attached to a thermal zone. A building model consist of a number 
of spaces that have been described geometrically and, if necessary, thermally 
(constructions, windows, etc.). Some of these spaces can be in thermal zones and will 
be included in a thermal simulation. Spaces that belong to the same thermal zone are 
therefore simulated as a single zone with the same temperature and loads. 
 
Figure 1-5: Thermal Zone Dialog 
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2 THERMAL ZONE SYSTEMS [17; SimView - Systems] 
A system consists of the general physical component, described by a simple 
mathematical model, and a schedule, which specifies variations, control strategies, 
etc., described by connected pairs of control and time definition. All systems in BSim 
are controlled on the basis of an operative temperature in the thermal zone to which 
they are attached. All the installations and loads that impact on the thermal indoor 
climate must be defined for a building model. 
In model of versions A and B of the building, there is different number of thermal zones.  
Tab. 2-1: Thermal Zones in Version A 
Thermal Zone Temperature Area 
Classes 22°C 430.9 m2 
Lavatory 24°C 41.3 m2 
Changing Rooms 20°C 67.4 m2 
Service Rooms 20°C 82.9 m2 
Halls 20°C 71.8 m2 
Employees 20°C 17.2 m2 
Tab. 2-2: Thermal Zones in Version B 
Thermal Zone Temperature Area 
Classes 22°C 221.2 m2 
Lavatory 24°C 21.4 m2 
Changing Rooms 20°C 35.5 m2 
Service Rooms 20°C 49.3 m2 
Halls 20°C 33.0 m2 
In every thermal zone there are defined five thermal systems – heating, people load, 
lighting load, ventilation, venting and heat pump. In sanitary and service rooms zones 
there is defined also moisture load. All systems are defined and precisely described 
individually in this chapter. 
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2.1 Heating [17; Systems, Heating] 
The model simulates a thermostatically controlled radiator, convector or a floor heating. 
The primary function of the model is to determine how much power the radiator has 
to release to raise the temperature to the desired set-point temperature defined 
in the control action. The thermostat’s sensor is affected both by the indoor air 
temperature and the surface temperatures.  
 
Figure 2-1: Defining a Heating System 
The radiator power is regarded as being controlled on the basis of outdoor 
temperature, linearly from maximum power (Max Power) at the design outdoor 
temperature (Design Temp) to the minimum power (Min Power) available when 
the outdoor temperature is Te Min or above. 
Max Power [kW] is the maximum heating power at the Design Temp. Maximum power 
will be available in the radiator at all outdoor temperatures below the design outdoor 
temperature. 
Fixed Part [-] is the proportion of the available power that is not controllable (between 0 
and 1). It can, for example, specify a piping loss from the system. 
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Part to Air [-] specifies how large a part of the heat emission from the radiator is 
supplied to the room air by convection. The remaining heat emission is by radiator 
to the surfaces of the zone. The proportion is dependent on the current type of heating 
body, but the number should not normally be set lower than 0.5. 
Schedule defines how the radiator is controlled at different times of the day, week and 
year. 
The control of heating system is defined at the FloorHeatCtrl tab. 
2.1.1 Heating System 
Tab. 2-3: Defined Heating System (Version A, B) 
Max Power Fixed Part Part to Air 
5.5 0 0.6 
2.1.2 Floor Heat Control 
 
Figure 2-2: Floor Heat Control Tab 
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Factor [-] defines how big a ratio (0-1) of the installed power is available for the actual 
floor heating system. 
Set Point [°C] is the operative temperature that will be attempted to maintain 
in the thermal zone where the floor heating system is defined. 
Max Surf. Temp [°C] is the upper limit of the surface temperature in the construction 
where the power of the floor heating system is given. 
Design Temp [°C] is the ambient temperature below which the floor heating system has 
its maximum power available. 
Min Power [kW] is the minimum power that can be emitted from the system.  
Te Min [°C] is the ambient temperature above which the floor heating system is 
terminated. 
2.1.2.1 Classes 
Tab. 2-4: Floor Heat Control for Classes (Version A, B) 











22 - classes 1 22 28 -12 1 13 
20 - classes 1 20 28 -12 1 13 
18 - classes 1 18 28 -12 1 13 
2.1.2.2 Lavatory 
Tab. 2-5: Floor Heat Control for Lavatory (Version A, B)  











24 - lavatory 1 24 28 -12 1 13 
18 - lavatory 1 18 28 -12 1 13 
14 - lavatory 1 14 28 -12 1 13 
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2.1.2.3 Service, Changing, Halls, Employees 
Tab. 2-6: Floor Heat Control for Service, Changing, Halls, Employees (Version A, B) 











20 - ... 1 20 28 -12 1 13 
18 – ... 1 18 28 -12 1 13 
14 - ... 1 14 28 -12 1 13 
2.1.3 Schedule 
Tab. 2-7: Heating Schedule (Versions A, B) 
Floor Heat Ctrl Time Time Definition 
22 - classes 
Day - Heating 
2 – 18 + 42 – 52 week 
Mo – Fr 
5am – 5pm 
24 - lavatory 
20 - service 
20 - changing 
20 - halls 
20 - employees 
20 - classes 
Night - Heating 
2 – 18 + 42 – 52 week 
Mo – Fr 
5pm – 5am 
18- lavatory 
18 - service 
18 - changing 
Weekend - Heating 
2 – 18 + 42 – 52 week 
Sa – Su 
all day 
18 - halls 
18 - employees 
18 - classes 
Christmas Break 
1 + 53 week 
Mo – Su 
all day 
14 - lavatory 
14 - service 
14 - changing 
14 - halls 
14 - employees 
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2.2 People Load [17; Systems, Persons] 
The model describes heat and moisture release from people present in the current 
thermal zone. The number can vary over time, with this being described 
under the schedule as a percentage of the nominal or maximum number in a given 
hour. Heat from people is distributed equally between convective and radiative heat 
transfer. 
 
Figure 2-3: Defining a People Load System 
Number of People specifies the number of people in the thermal zone. It is good 
to specify this number as maximum that can occur in the building or thermal zone and 
define the variation in the number of people present over the day, week and year under 
control. 
Heat Gen. [kW] indicates the nominal heat emission from the given number of people 
and “people type”. 
Moist. Gen. indicates the relevant moisture release from the given number of people 
and “people type”. 
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People Type corresponding to the mean level of activity is defined in this field. 
The description of the people type consists of heat emission and moisture release 
per person. 
Schedule defines connected sets of control and time definitions. It is possible to specify 
several schedules, allowing different day variations to be defined at different times 
of the year.  
People load control is of the Day Profile type. This means that a Day Profile specifying 
the percentage variation in the load over the day within the relevant Time Definition has 
to be defined for each of the schedules entered. The Time Definitions therefore indicate 
different periods of the year for which different control actions (Day Profiles) are to be 
specified. In this case of kindergarten it is for example holidays. 
2.2.1 Total Load and People Type 
Tab. 2-8: Number of People in Individual Thermal Zones 
Thermal Zone Version A Version B 
Classes 109 55 
Lavatory 109 55 
Changing 109 55 
Service 5 3 
Halls 109 55 
Employees 5 - 
Tab. 2-9: Heat Production from People – Sitting, Mildly Active (ČSN 73 0548) 
Air temperature Heat [kW] Water Vapour [g/hr] 
20°C 99 61 
22°C 87 79 
24°C 74 98 
Recalculation for group mixed of women and children: 
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Version A: nw = 9  Version B: nw = 5 
nc = 100   nc = 50 
Tab. 2-10: People Type for Classes (Version A, B) 
Temperature [°C] Heat Gen. [kW] Moist. Gen. [kg/hr] 
22 0.066 0.06 
2.2.1.2 Lavatory 
Version A: nw = 9  Version B: nw = 5 
nc = 100   nc = 50 
Tab. 2-11: People Type for Lavatory (Version A, B) 
Temperature [°C] Heat Gen. [kW] Moist. Gen. [kg/hr] 
24 0.056 0.074 
2.2.1.3 Halls, Changing 
Version A: nw = 9  Version B: nw = 5 
nc = 100   nc = 50 
Tab. 2-12: People Type for Halls, Changing (Version A, B) 
Temperature [°C] Heat Gen. [kW] Moist. Gen. [kg/hr] 
20 0.075 0.046 
2.2.1.4 Service, Employees 
Version A: nw = 5  Version B: nw = 3 
Tab. 2-13: People Type for Service, Employees (Version A, B) 
Temperature [°C] Heat Gen. [kW] Moist. Gen. [kg/hr] 
20 0.084 0.07 
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2.2.2 Day Profile 
Day profile is based on a research made in a kindergarten in Kateřinice. Number 
of children in Kateřinice is 28, so there was made a recalculation based 
on a percentage. The operating time is from September till second week in July 
with two weeks Christmas break. Last week in August is a preparation week. 
 
Figure 2-4: People Load Day Profile 
2.2.2.1 Lavatory 
Tab. 2-14: Day Profile for Lavatory (Version A, B) 
Day profile Percentage  Hour 
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Tab. 2-15: Day profile for Classes (Version A, B) 
Day profile Percentage  Hour 
Classes - School 
year 









Classes - August 7% 8-16 
Classes - Summer 1% 8-16 
2.2.2.3 Changing 
Tab. 2-16: Day Profile for Changing (Version A, B) 
Day profile Percentage  Hour 






2.2.2.4 Service, Employees 
Tab. 2-17: Day Profile for Service, Employees (Version A, B) 
Day profile Percentage  Hour 
Service – School year 





MASTER THESIS  Bc. ANNA KUBÁTOVÁ 






Tab. 2-18: Day Profile for Halls (Version A, B) 
Day profile Percentage  Hour 









Tab. 2-19: People Load Schedule (Version A, B) 
Day Profile Time Time Definition 
Classes 
School year 
2 – 30 + 37 – 52 week 
Mo – Fr 






Classes - August August Last Week 
36 week 
Mo-Fr 
8am – 4pm 
Classes - Summer Summer 
31 – 35 week 
Mo, We, Fr 
8am – 4pm 
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2.3 Lighting [17; Systems Lighting] 
The lighting system is divided into general ceiling lighting (General Lighting) and 
workstation lighting referred to as Task Lighting. The two lighting types are controlled 
differently, with the workstation lighting always being assumed to be on within the time 
specifications in the schedule, while general lighting is switched on and off as required. 
The defined lighting power is converted into heat. 
 
Figure 2-5: Defining a Lighting System 
Task Lighting [kW] is the workstation lighting, which is regarded as being on during all 
the hours within the time definitions in the schedule. 
General Lighting [kW] is the general ceiling lighting, which is basically controlled 
according to the incident daylight.  
General Lighting Level [lux] this parameter is used in connection with lighting control 
on the basis of daylight. 
Lighting Type is the drop-down box for selecting the lighting type, with is being possible 
to choose incandescent lamps of fluorescent tubes. 
Solar Limit is used in connection with lighting control on the basis of the total incident. 
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Exhaust Part is the proportion (between 0 and 1) of the power given off by the general 
lighting that is removed with the ventilation system’s exhaust air. 
2.3.1 Lighting System 
Tab. 2-20: Defined Lighting System (Version A, B) 
Task Lighting Solar Limit Exhaust Part Light Type 
0 0.2 0 Fluorescent 
There are supposed to be energy saving lamps, so the heat generation from Tab.7 
ČSN 73 0548 was taken as half of the heat generation of the bulbs. 
Tab. 2-21: Light Intensity and Heat Generation (ČSN 73 0548) 
Thermal Zone Light Intensity [lux] Heat Generation [W/m2] 
Classes 250 20 
Lavatory 120 10 
Service 250 20 
Halls 120 10 
Changing 120 10 
Employees 120 10 
2.3.1.1 Version A 
Tab. 2-22: General Lighting and General Lighting Level (Version A) 
Thermal Zone General Lighting Gen. Lighting Level 
Classes 8.61 250 
Lavatory 0.41 120 
Service 1.66 250 
Halls 0.72 120 
Changing 0.67 120 
Employees 0.17 120 
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2.3.1.2 Version B 
Tab. 2-23: General Lighting and General Lighting Level (Version B) 
Thermal Zone General Lighting Gen. Lighting Level 
Classes 4.42 250 
Lavatory 0.22 120 
Service 1.00 250 
Halls 0.32 120 
Changing 0.35 120 
2.3.2 Light Control 
In Light Ctrl a simple measure for the light in the room is used – the total solar 
incidence in the rom. This is defined by a limit – Solar Limit – over which the light is 
turned on. Another control criterion are the indoor temperature: If it becomes too hot 
in the thermal zone, it is possible to turn off the light to lower the indoor temperature.  
 
Figure 2-6: Light Control 
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Factor [-] is a reduction factor (between 0 and 1), which indicates that only a certain 
proportion of the general lighting can be switched on within the relevant time definition. 
Lower Limit [kW] parameter is closely linked to Temp. Max and specifies a lower limit 
for total incident solar radiation, above which the general lighting is switched off if 
the temperature exceeds the Temp. Max value.  
If the Temp. Max [°C] value is exceeds, it is assumed that the general lighting will be 
switched off. 
2.3.2.1 Classes, Lavatory, Changing, Employees, Service, Halls 
Tab. 2-24: Light Control (Version A, B) 
Factor Lower Limit Temp. Max Solar Limit 
1 0.1 28 0.2 
2.3.3 Schedule 
Tab. 2-25: Lighting Schedule (Version A, B) 
Light Ctrl Time Time Definition 
Classes 
Spring 
12 – 26 week 
Mo – Fr 
6am – 7am Lavatory 
Changing 
Winter 
2 – 11 + 38 - 52 week 
Mo – Fr 
5am – 8am + 2pm – 6pm Employees 
Halls School year 
2 – 30 + 37 – 52 week 
Mo – Fr 
5am – 5pm 
Service August Last Week 
36 week 
Mo-Fr 
8am – 4pm 
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2.4 Ventilation [17; Systems, Ventilation] 
A ventilation system is described by means of the individual components and 
a schedule. The individual components are described by means of simple models that 
take account of the physical properties with the greatest importance in terms of energy 
and indoor climate. 
 
Figure 2-7: Defining a Ventilation System 
Input: the nominal air flow for the supply fan. 
Output: the nominal flow for the exhaust fan. 
Pressure Rise [Pa] is the total pressure rise across the fan corresponding to the loss 
right through the unit and its duct system. 
Total Eff. [-]is the total efficiency of the fan. The efficiency is partly dependent 
on the size of the fan. 
The Pressure Rise and Total Efficiency are used to calculate the power requirement 
per hour and energy consumption for operation of the system. 
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Part to Air [-] is the proportion of the power consumption of the supply fan that is 
transferred to the ventilation air.  
Recovery Unit is based on hourly values for the air flows. It is possible to simulate heat 
and moisture transfer from the exhaust air to the supply air. The recovery unit is 
specified by means of the efficiency of heat, cold and moisture recovery. It is possible 
to specify a different efficiency for each of the three types of recovery. 
Max Heat Recovery [-] specifies the maximum temperature efficiency that can be 
achieved by heat transfer. 
Min Heat Recovery [-] specifies the minimum efficiency for heat recovery, which is 
often equal to 0. 
Max Cool Recovery [-] is the maximum cooling efficiency of the recovery unit. 
Moisture Recovery [-] is the maximum moisture efficiency for the recovery unit. 
Max Power [kW] of a Heating Coil is the maximum power that can be given off by 
the ventilation system’s heating coil. 
Cooling neither moisture recovery is not taken into account. 
The control of recirculation air is defined in Return Air Ctrl tab. There is also defined 
zone temperature control (Zone Temp. Ctrl). In this type of control a room sensor 
controls the system components. The control function includes a set point for heating 
and a set point for cooling with a “dead zone” in between. The control function also 
includes a supply sensor with set points for minimum and maximum supply 
temperatures. 
2.4.1 Fans and Recovery Unit 
Tab. 2-26: Defined Fans System (Version A, B) 
 Pressure Rise Total Eff. Part to Air 
Input 900 0.7 0.5 
Output 600 0.75 0.5 
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Tab. 2-27: Defined Recovery Unit System (Version A, B) 
Max Heat Rec. Min Heat Rec. Max Cool Rec. Max Moist Rec. 
0.6 0 0 0 
The Max Power of heating coil is calculated from the air volume by the formula: 
                                  
2.4.1.1 Version A 
Tab. 2-28: Air Volume and Max Power of Heating Coil 
Thermal Zone Supply [m3/s] Exhaust [m3/s] Max Power [kW] 
Classes 0.178 0.178 7.9 
Lavatory 0.067 0.067 3.1 
Service 0.043 0.043 1.8 
Halls 0 0 0 
Changing 0.05 0.05 2.1 
Employees 0.017 0.017 0.69 
2.4.1.2 Version B 
Tab. 2-29: Air Volume and Max Power of Heating Coil 
Thermal Zone Supply [m3/s] Exhaust [m3/s] Max Power [kW] 
Classes 0.089 0.089 3.9 
Lavatory 0.033 0.033 1.6 
Service 0.031 0.031 1.3 
Halls 0 0 0 
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2.4.2 Return Air Control 
 
Figure 2-8: Return Air Control Tab 
Min Supply Ratio [-] is the lowest share (of Supply given at the Ventilation tab) of fresh 
air that the ventilation system can deliver to the zone. 
Min Return Ratio [-] is the minimum share of re-circulated air in the ventilation system. 
Max Return Ratio [-] is the maximum share of re-circulated air in the ventilation system. 
Setp CO2 [ppm] is the set-point for the CO2-level in the zone, which the ventilation 
system should try to meet. If Setp CO2 = 0 the system do not control towards a certain 
CO2-level. 
Setp Humid [%] is the set-point for the moisture content in the indoor air, which 
the ventilation system should try to meet. If the moisture content of the indoor air is 
below the set-point, the humidifier starts to bring the humidity up to the desired level. 
Setp Dehumid [%] is the set-point for the moisture content in the indoor air, which 
the ventilation system should try to meet. 
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Min Inlet Temp [°C] is the lowest acceptable temperature of the inlet air to the zone. 
Max Inlet Temp [°C] is the highest acceptable temperature of the inlet air to the zone. 
Setp Temp [°C] is the desired operative temperature of the zone. 
2.4.2.1 Classes 
Tab. 2-30: Return Air Control for Classes (Version A, B) 
Min Supply Rat Min return Rat Max Return Rat Setp CO2 
0 0 1 0 
 
Setp Humid Setp Dehumid Min Inlet T Max Inlet T Setp Temp 
50 50 20 24 22 
2.4.2.2 Lavatory 
Tab. 2-31: Return Air Control for Lavatory (Version A, B) 
Min Supply Rat Min return Rat Max Return Rat Setp CO2 
0 0 1 0 
 
Setp Humid Setp Dehumid Min Inlet T Max Inlet T Setp Temp 
50 50 22 26 24 
2.4.2.3 Service, Changing, Halls, Employees 
Tab. 2-32: Return Air Control for Service, Changing, Halls, Employees (Version A, B) 
Min Supply Rat Min return Rat Max Return Rat Setp CO2 
0 0 1 0 
 
Setp Humid Setp Dehumid Min Inlet T Max Inlet T Setp Temp 
50 50 18 22 20 
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2.4.3 Zone Temperature Control 
 
Figure 2-9: Zone Temperature Control Tab 
Part of nom. flow [-] indicates that the output of the system within the time definition 
attached to this control action has been reduced in relation to nominal output 
by the Part of nom. flow factor. 
Min Inlet Temp. and Max Inlet Temp. [°C] with this type of control the software primarily 
tries to achieve a room temperature within the interval defined by the set points 
for heating and cooling.  
Heating Set Pnt. [°C] specifies the set point for the room sensor during heating. If 
heating is required, the control function will increase heat recovery and then the output 
of the heating coil as much as necessary (up to maximum output) to keeps the room 
temperature at the selected heating set point. 
Cooling Set Pnt. [°C] specifies the set point for the room temperature during cooling.  
Air Hum [kg/kg] specifies the desired absolute moisture content of the supply air. This 
parameter is only significant if a humidifier has been defined in the system. 
Dehumidification will not therefore take place in this type of control. 
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Master Zone defines that the room temperature in the actual zone is being controlled 
according to the conditions in another thermal zone.  
2.4.3.1 Classes 















22 - classes 1 20 24 22 25 0.007 
20 - classes 1 18 22 20 23 0.007 
18 - classes 1 16 20 18 21 0.007 
2.4.3.2 Lavatory 















24 - lavatory 1 22 26 24 27 0.007 
18 - lavatory 1 16 20 18 21 0.007 
14 - lavatory 1 12 16 14 17 0.007 
2.4.3.3 Service, Changing, Halls, Employees 















20 - ... 1 18 22 20 23 0.007 
18 - ... 1 16 20 18 21 0.007 
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Tab. 2-36: Return Air Control Schedule (Version A, B) 
Return Air Ctrl Time Time Definition 
Classes 
School year 
2 – 30 + 37 – 52 week 
Mo – Fr 






Tab. 2-37: Zone Temperature Control Schedule (Version A, B) 
Zone Temp Ctrl Time Time Definition 
22 - classes 
School year - Day 
2 – 30 + 37 – 52 week 
Mo – Fr 
5am – 5pm 
24 - lavatory 
20 - service 
20 - changing 
August Last Week 
36 week 
Mo-Fr 
8am – 4pm 
20 - halls 
20 - employees 
20 - classes 
School year - Night 
2 – 30 + 37 – 52 week 
Mo – Fr 
5pm – 5am 
18- lavatory 
18 - service 
18 - changing 
School year - 
Weekend 
2 – 30 + 37 – 52 week 
Sa – Su 
all day 
18 - halls 
18 - employees 
18 - classes 
Christmas Break 
1 + 53 week 
Mo – Su 
all day 
14 - lavatory 
14 - service 
14 - changing 
14 - halls 
14 - employees 
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2.5 Venting [17; Systems, Venting] 
Venting can be used to define the function of all forms of natural ventilation. 
The simplest form of natural ventilation is the opening of windows, and the model can 
simulate both a “fixed” air change, which only varies with the difference between 
the temperature indoors and out plus the wind speed, and an air change that is 
controlled to maintain a desired indoor temperature. 
The model for venting expresses the maximum air change that can be achieved 
in the current outdoor weather conditions. Just as with infiltration, the calculation of air 
change contains three terms. A basic air change, a term that is dependent 
on the difference between indoor and outdoor temperature and a term that is 
dependent on the wind speed. 
Venting control simulates windows or ventilation openings being opened 
if the temperature exceeds a user-defined set point. When there is a tendency 
for the set point to be exceeded the natural ventilation is increased as much as 
necessary to maintain the desired temperature, but only up to a user-defined maximum 
air-change. 
 
Figure 2-10: Defining a Venting System 
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The Basic Air Change [/hr] value will often specify the air change that can be achieved 
by fully opening the windows in weather conditions that are normal for the relevant time 
definition as defined in the schedule. In this case the constants in the above expression 
indicate how much air change alters with the temperature difference and wind speed. 
TmpFactor [/hr/K] expresses how much the air change rises as the temperature 
difference between indoors and out increases.  
WindFactor [s/m/hr] expresses the dependence of the air change on wind. 
The equation means that air change is assumed to be proportional to wind speed. 
For small buildings with small venting openings and a sheltered site it will be 
in the order of 0.1, while for large buildings on an exposed site it can be up to 0.4 - 0.6. 
Max AirChange [/h] expresses the maximum air change permitted during ventilation.  
Max Wind [m/s] is only used in connection with the extension module (from BSim 
version 2002) for simulation of natural ventilation and expresses the maximum wind 
speed, below which natural ventilation may occour. If Max Wind is set to 0, natural 
ventilation can be active at any wind speed. 
Sensor Zone indicates the thermal zone where the operative temperature will be used 
for controlling the venting in the actual thermal zone.  
Natural Ventilation: The desired model for natural ventilation can be selected 
from the list given under Natural Ventilation. Just above the list, BSim suggest – 
from the given model geometry - the most appropriate natural ventilation model 
for the zone.  
The venting Schedule defines connected sets of control and time definition. In ordinary 
rooms where people are present venting will simulate windows being opened by 
the users when the indoor temperature becomes too hot, in which case venting will 
normally only is "active" during the building's hours of use. In large buildings with 
equipment for automatic venting when the set point for a temperature is exceeded, it 
must be assessed whether the achievable air change is dependent on the time 
of the day and year. 
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2.5.1 Venting System 
Tab. 2-38: Defined Venting System (Version A, B) 
Basic Air 
Change 




2 0,5 0,2 5 0 
Automatic Natural Ventilation – Bsim selects, from the zone geometry the model 
to use. 
2.5.2 Venting Control 
It is assumed that, when the temperature in the rooms exceeds a certain value, 
the staff will open the windows to vent the zone. In the case of the data shown 
in the following dialog box it is assumed that, when the indoor temperature exceeds 
the set point, the zone will be vented just as much as is necessary to keep 
the temperature down to the set point. 
 
Figure 2-11: Venting Control Tab 
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Set Point [°C] specifies the limit for the indoor temperature, above which venting is 
expected to be activated.  
SetP Co2 [ppm] is the set-point for CO2 concentration in the indoor air. If there is given 
“0“value, the natural ventilation is not controlled according to the calculated CO2 level. 
Entering a value for Factor [-] of less than 1.0 indicates that only an air change 
multiplied by Factor can be achieved. 
2.5.2.1 Classes 
Tab. 2-39: Venting Control for Classes (Version A, B) 
Venting Ctrl Set Point SetP Co2 Factor 
22°C 22 0 1 
2.5.2.2 Lavatory 
Tab. 2-40: Venting Control for Lavatory (Version A, B) 
Venting Ctrl Set Point SetP Co2 Factor 
241C 24 0 1 
2.5.2.3 Service, Changing, Halls, Employees 
Tab. 2-41: Venting Control for Service, Changing, Halls, Employees (Version A, B) 
Venting Ctrl Set Point SetP Co2 Factor 
20°C 20 0 1 
2.5.3 Schedule 
Tab. 2-42: Venting Schedule (Version A, B) 
Venting Ctrl Time Time Definition 
22°C 
Venting 
1 – 53 week 
Mo-Fr 
5am – 5pm 
24°C 
20°C 
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2.6 Heat Pump [17; Systems, Heat Pump] 
In the scheme data for an eventual heat pump contributing to the space heating is 
given. Data are determined according to relevant European Standards. 
    
Figure 2-12: Defining a Heat Pump System 
Type: In this field it is selected if the heat pump is solely for production of domestic hot 
water (dhw) or it can produce both hot water and heating. 
Nominal Efficiency [kW] is the nominal power delivered from the heat pump at the test 
conditions as stated below. 
Nominal COP [-] is the efficiency of the heat pump at the given test temperatures. 
Rel. COP 50% load [-] is the COP at 50% load divided by the COP at 100% load. 
In the Test section are given the test-temperatures, which have been used 
in the determination of the load and the efficiency of the heat pump.  
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Test Temp. [°C] at the cold side is the temperature of the media at the evaporator and 
at the warm side is the temperature of the media next to the condenser. 
Source defines the media on the cold side of the heat pump; it says which source and 
which media the heat is being delivered to at the hot side. It is possible select 
among Ground Coil, Outlet Air and Outdoor Air. 
Destination defines where the heat is transferred. It is possible to select among Room 
Air, Inlet Air and Heating System. 
2.6.1 Heat Pump System 
Tab. 2-43: Defined Heat Pump System (Version A, B) 
Nom COP Rel. COP 50% Test Temp(Cold) Test Temp (Warm) 
4.1 0.5 0 35 
Type: Room Heating – heat pump is used just for heating 
Source: Ground Coil – heat pump is of ground/water type with ground collector 
Destination: Heating System – heat is transferred to floor heating system 
Nominal Efficiency is recalculated according to floor area of individual thermal zones. 
2.6.1.1 Version A 
Tab. 2-44: Nominal Efficiency of Heat Pump (Version A) 
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2.6.1.2 Version B 
Tab. 2-45: Nominal Efficiency of Heat Pump (Version B) 






2.6.2 Day Profile 
2.6.2.1 Classes, Lavatory, Changing, Service, Halls, Employees 
Tab. 2-46: Day Profile of Heat Pump (Version A, B) 
Day profile Percentage  Hour 
Heat Pump 100% all day 
2.6.3 Schedule 
Tab. 2-47: Heat Pump Schedule (Version A, B) 
Day Profile Time Time Definition 
Heat Pump Heating - source 
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2.7 Moisture Load [17; Systems, Moisture] 
The software's standard model for moisture calculations is very simple, with no account 
being taken of moisture absorption and adsorption by the space's surfaces or moisture 
transport and moisture accumulation in materials. 
 
Figure 2-13: Defining a Moisture Load System 
Load [kg/hr] specifies the release of moisture to the room air from all load sources 
in the space apart from people. 
2.7.1 Moisture Load System 
Tab. 2-48: Defined Moisture Load System (Version A, B) 
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2.7.2 Day Profile 
2.7.2.1 Lavatory 
Tab. 2-49: Day Profile for Lavatory (Version A, B) 







2.7.2.2 Service, Employees 
Tab. 2-50: Day Profile for Service and Employees (Version A, B) 







Tab. 2-51: People Load Schedule (Version A, B) 
Day Profile Time Time Definition 
Lavatory 
School year 
2 – 30 + 37 – 52 week 
Mo – Fr 
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3.1 Version A 
Tab. 3-1: Mean Temperatures in Weekdays during Whole Year (Version A) 
Thermal 
Zone 
Jan Feb Mar Apr May Jun 
Classes 22.03 22.09 21.90 21.94 23.14 23.43 
Lavatory 23.77 23.80 23.79 23.83 23.97 24.40 
Changing 20.01 19.87 20.20 21.32 23.71 24.88 
Service 19.90 19.97 19.96 20.08 21.46 22.56 
Halls 19.95 19.93 19.95 20.28 22.36 23.54 
Employees 19.96 19.97 19.95 20.16 21.50 22.65 




Jul Aug Sep Oct Nov Dec 
Classes 23.99 22.76 22.50 21.93 22.01 22.04 
Lavatory 24.63 23.47 23.80 23.60 23.83 23.79 
Changing 25.68 21.05 23.19 21.40 20.18 19.99 
Service 23.50 21.78 20.90 20.05 19.95 19.95 
Halls 24.62 20.97 21.58 20.23 19.95 19.96 
Employees 23.49 21.01 21.14 20.20 19.96 19.97 
Outdoors 18.12 19.70 14.65 10.34 2.48 0.18 
 
Graphical output is included in the Appendix E1. 
 
 
MASTER THESIS  Bc. ANNA KUBÁTOVÁ 





3.2 Version B 
Tab. 3-2: Mean Temperatures in Weekdays during Whole Year (Version B) 
Thermal 
Zone 
Jan Feb Mar Apr May Jun 
Classes 22.13 22.16 21.98 22.12 23.41 23.97 
Lavatory 24.02 24.08 24.05 24.10 23.96 24.47 
Changing 19.86 19.87 19.98 20.75 23.11 24.30 
Service 19.97 19.98 19.98 20.20 21.99 23.18 
Halls 19.98 19.96 20.08 20.71 23.14 24.55 




July Aug Sep Oct Nov Dec 
Classes 24.00 22.96 22.68 21.96 22.10 22.15 
Lavatory 24.48 23.39 23.72 23.74 24.07 24.08 
Changing 24.47 21.07 22.29 20.44 19.88 19.87 
Service 23.52 22.10 21.34 20.10 19.96  19.97 
Halls 24.96 21.37 22.36 20.51 20.02 19.96 
Outdoors 18.12 19.70 14.65 10.34 2.48 0.18 
 
Graphical output is included in the Appendix E2. 
There are just very small temperature differences in both buildings, therefore 
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4 OPTIMIZING OF INTERNAL TEMPERATURES 
To prevent high temperatures in the inner zone of the building there are changed two 
systems. In the first way, there are design sun shadings to all the windows 
of the building. But this will not have a big affect to the temperatures in the inner zones. 
This step is made to comparison of the impact of the solar shading. 
The second part is increasing of the ventilation air volume and designing ventilation 
also in the halls. This is supposed to have bigger affect to the temperatures. In the end 
there is made combination of these two changes. 
All the three new models are compared to the original one. 
4.1 Solar Shading [17; Systems, Shading] 
To any WinDoor in a BSim model it is possible to connect a solar shading device.  
 
Figure 4-1: Defining a Solar Shading System 
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Type is the chosen shading type, where Simple is undefined. 
Shading Coefficient [-] is a solar fading factor and is only used when simulation models 
created in earlier versions of BSim. 
Max Sun [W/m2] is a limit for solar incidence, above which the shading is being 
activated to maintain this value. Only used when simulating models created in earlier 
versions of BSim. 
Max Wind [m/s] is a wind speed above which the solar shading is put out of activity. 
This is active only in case of external position for the shading device. 
Refl. [-] is the reflectance of shading. 
Transm.  [-] is the transmittance of shading. 
Position is the location of shading device compared to the window. 
The functionality of solar shading devices are, as any system in BSim, being described 
in a schedule, where for one or more time definitions it is possible to define which 
control to use when.  
4.1.1 Sun Shading System 
Tab. 4-1: Defined Sun Shading System 
Max Wind Refl. Transm. Position 
30 0.5 1 External 
4.1.2 Solar Control 
This control strategy is being controlled according to the solar incidence 
through the actual WinDoor. A limit is given for the amount of solar (Max Sun) to allow 
through the WinDoor before the shading device is being activated. When this limit is 
being exceeded, the shading device is being closed just so much that the limit can be 
met. Simultaneously, the control of the solar shading device can also be made 
according to the actual operative temperature in the thermal zone.  
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Figure 4-2: Solar Control Tab 
Shading Coeff. is a solar shading factor for the shading device, when it is completely 
closed. 
Max Sun [W/m2] is a limit for solar incidence through the actual WinDoor above which 
the shading device is being activated. 
Delta Sun [W/m2] is used to determine a new limit for the shading device when it is 
already activated. When solar incidence at the current position is changed with a value 
higher or lower than Delta Sun, the device is being controlled again. 
Temp Max [°C] is the limit for the operative temperature, above which the shading 
device is being activated, and if the total solar incidence to the thermal zone exceeds 
Sun Limit. 
Sun Limit [kW] is the lower limit for the total solar incidence through all WinDoors 
in the actual thermal zone, under which control according to the temperature criteria 
will not come into action. 
Sf4 Shading is a solar light factor for the WinDoor with the shading device closed 
completely. 
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Control Form is the control principle for the shading device. 
Tab. 4-2: Solar Control for Individual Thermal Zones 
 Classes Lavatory Others 
Shading Coeff. 0.4 0.4 0.4 
Max Sun 120 120 120 
Delta Sun 50 50 50 
Temp Max 25 27 23 
Sun Limit 0.3 0.3 0.3 
Sf4 Shading 0.05 0.05 0.05 
4.1.3 Schedule 
Tab. 4-3: Solar Shading Schedule 
Solar Ctrl Time Time Definition 
Classes 
Operating days 
1 – 30 + 36 – 53 week 
9am – 6pm 
Mo - Fr 
Lavatory 
Others 
4.2 Comparison of Original Model and Model with Shading 
The differences in temperatures between both models are in the grade of one tenth 
of a degree. In the table below there are compared three summer month. 
Tab. 4-4: Original Model vs. Model with Shading 
Thermal 
Zone 
Original Model Model with Shading 
May Jun Jul May Jun Jul 
Classes 23.14 23.43 23.99 23.08 23.34 23.88 
Halls 22.36 23.54 24.62 22.31 23.46 24.50 
Changing 23.71 24.88 25.68 23.64 24.80 25.55 
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The air volume in the ventilation fans is multiplied twice and so are the powers 
of heating coils. 
There is assumed ventilation in the thermal zone of halls too. It is reckon 
from the ventilation of service thermal zone which has approximately the same floor 
area. 
4.3.1 Fans 
Tab. 4-5: Changed Air Volume and Max Power of Heating Coil 
Thermal Zone Supply [m3/s] Exhaust [m3/s] Max Power [kW] 
Classes 0.356 0.356 15.8 
Lavatory 0.134 0.134 6.2 
Service 0.086 0.086 3.6 
Halls 0.08 0.08 3.3 
Changing 0.10 0.10 4.2 
Employees 0.034 0.034 1.38 
4.4 Comparison of Original Model and Model with Increased 
Ventilation 
The differences in temperatures between the both models are in the grade of tenths 
up to a degree difference. There is again a table of three summer month to compare. 
Tab. 4-6: Original Model vs. Model with Increased Ventilation 
Thermal 
Zone 
Original Model Model with Increased Vent. 
May Jun Jul May Jun Jul 
Classes 23.14 23.43 23.99 23.06 23.31 23.81 
Halls 22.36 23.54 24.62 21.98 22.92 23.62 
Changing 23.71 24.88 25.68 23.29 24.30 24.84 
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4.5 Combination of Shading and Increased Ventilation 
Tab. 4-7: Mean Temperatures in Weekdays during Whole Year  
Thermal 
Zone 
Jan Feb Mar Apr May Jun 
Classes 22.02 22.07 21.94 21.92 23.00 23.23 
Lavatory 23.65 23.65 23.59 23.58 23.42 23.85 
Changing 20.02 19.89 20.19 21.17 23.22 24.21 
Service 19.88 19.97 19.96 20.08 21.24 22.12 
Halls 19.96 19.94 19.96 20.23 21.93 22.83 
Employees 19.94 20.00 19.99 20.13 20.84 21.61 




Jul Aug Sep Oct Nov Dec 
Classes 23.70 22.71 22.41 21.93 22.00 22.00 
Lavatory 23.86 23.82 23.28 23.25 23.64 23.68 
Changing 24.73 21.03 22.70 21.21 20.16 19.99 
Service 22.68 21.72 20.78 20.05 19.95 19.96 
Halls 23.51 20.96 21.27 20.19 19.97 19.96 
Employees 21.84 20.83 20.70 20.13 20.00 20.01 
Outdoors 18.69 16.45 14.29 10.58 2.39 0.14 
 
The combination of solar shading and increased ventilation changed the temperatures 
majorly in summer month but just slightly in a winter. The major change is 
in the maximal temperatures that can occur in the interior. Differences are around one 
or two degrees in the summer month. Mean temperature in interior during the weekday 
is not exceeding 25°C.  
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1 CONCENTRATION MEASUREMENT 
1.1 Goal of the Experiment 
The main goal of the experiment was to measure the CO2 level in a kindergarten 
in Kateřinice during the ordinary weekday. The measurement was supposed to be 
done in a dining room. The class has total 28 children. 
1.2 Monitored Parameters 
The observed parameter was a level of CO2 [ppm] in the given room during a workday. 
1.3 Procedure of Measurement 
The measuring was done on 7th December. Measurement was supposed to be 
accomplished in a dining room. But because of the illness, there were just less than 
a half of the kids. So it was decided to make two measurements – one in the dining 
room till the lunch time and the second in the bedroom during the children’s sleep. 
The time step of measuring is 5 minutes. 
1.3.1 Number of People 
Number of children: 12 
Number of teachers: 2 
Total:    14 persons 
1.3.2 Timetable 
6:00 – 8:00  Children are coming 
8:30   Snack 
10:00 – 11:20  Outing 
11:30   Lunch 
12:30 – 14:20  Sleep 
14:30   Snack 
15:00 – 15:30  Children are leaving 
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1.3.3 Measuring Process 
9:45 – 12:00  Measurement in a dining room 
12:00 – 14:50  Measurement in a bedroom 
1 Assemble of measuring device 
2 Activation of measuring device – time step 5 minutes 
3 End of measuring 
4 Data downloading 
5 Evaluation of measured data 
1.4 Model 
Position of measuring device 
 
Figure 1-1: Layout of Bedroom (99.12 m3) 
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Figure 1-2: Layout of Dining Room (160.63 m3) 
1.5 Measuring Device 
Main measuring unit:   multipurpose measuring device Testo 454 
Concentration measurement: measuring probe CO2, measuring extent 0 ppm ~ 
10 000 ppm CO2 
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1.6 Data Evaluation 
1.6.1 Dining Room 
Tab. 1-1: CO2 Concentration Measurement in Dining Room 
Date Time [am] CO2 [ppm] 
7th Dec 2011 9:46:52 1910 
7th Dec 2011 9:51:52 1809 
7th Dec 2011 9:56:52 1799 
7th Dec 2011 10:01:52 1791 
7th Dec 2011 10:06:52 1807 
7th Dec 2011 10:11:52 1780 
7th Dec 2011 10:16:52 1676 
7th Dec 2011 10:21:52 1761 
7th Dec 2011 10:26:52 1728 
7th Dec 2011 10:31:52 1700 
7th Dec 2011 10:36:52 1630 
7th Dec 2011 10:41:52 1546 
7th Dec 2011 10:46:52 1535 
7th Dec 2011 10:51:52 1482 
7th Dec 2011 10:56:52 1343 
7th Dec 2011 11:01:52 1438 
7th Dec 2011 11:06:52 1355 
7th Dec 2011 11:11:52 1429 
7th Dec 2011 11:16:52 1475 
7th Dec 2011 11:21:52 1409 
7th Dec 2011 11:26:52 1418 
7th Dec 2011 11:31:52 1397 
7th Dec 2011 11:36:52 1415 
7th Dec 2011 11:41:52 1430 
7th Dec 2011 11:46:52 1439 
7th Dec 2011 11:51:52 1393 
7th Dec 2011 11:56:52 1369 
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Tab. 1-2: CO2 Concentration Measurement in Bedroom 
Date Time ppm 
7th Dec 2011 12:01:52 1066 
7th Dec 2011 12:06:52 1188 
7th Dec 2011 12:11:52 1168 
7th Dec 2011 12:16:52 1255 
7th Dec 2011 12:21:52 1294 
7th Dec 2011 12:26:52 1309 
7th Dec 2011 12:31:52 1310 
7th Dec 2011 12:36:52 1318 
7th Dec 2011 12:41:52 1383 
7th Dec 2011 12:46:52 1363 
7th Dec 2011 12:51:52 1434 
7th Dec 2011 12:56:52 1272 
7th Dec 2011 13:01:52 1345 
7th Dec 2011 13:06:52 1440 
7th Dec 2011 13:11:52 1414 
7th Dec 2011 13:16:52 1415 
7th Dec 2011 13:21:52 1373 
7th Dec 2011 13:26:52 1348 
7th Dec 2011 13:31:52 1398 
7th Dec 2011 13:36:52 1483 
7th Dec 2011 13:41:52 1425 
7th Dec 2011 13:46:52 1455 
7th Dec 2011 13:51:52 1484 
7th Dec 2011 13:56:52 1555 
7th Dec 2011 14:01:52 1568 
7th Dec 2011 14:06:52 1590 
7th Dec 2011 14:11:52 1636 
7th Dec 2011 14:16:52 1640 
7th Dec 2011 14:21:52 1667 
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Tab. 1-2: CO2 Concentration Measurement in Bedroom 
Date Time ppm 
7th Dec 2011 14:26:52 1703 
7th Dec 2011 14:31:52 1736 
7th Dec 2011 14:36:52 1735 
7th Dec 2011 14:41:52 1734 
7th Dec 2011 14:46:52 1743 
7th Dec 2011 14:51:52 1729 
1.6.3 Graphs 
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Figure 1-4: CO2 Concentration Measurement in Bedroom 
1.7 Conclusion 
While measuring in the dining room, there was opened one window and thanks to old 
windows there was high infiltration. Even to that, the concentration was above the limit 
1200 ppm during all time of measuring. The beginning concentration was 1910 ppm 
and the ending 1369 ppm. The concentration was decreasing thanks to the fact, that 
children were gone on an outing for the most of time. 
While measuring in the bedroom, there were all windows closed and the only 
ventilation was through infiltration. The beginning concentration 1069 ppm is under 
the limit, but the limit was exceed during 15 minutes and was increasing for the rest 
of measured time. 
Even there were less than half of children the concentration was above the limit 
for the most of time. To get the CO2 concentration to the optimal level, it is necessary 
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COMPARISON OF BOTH VERSIONS OF KINDERGARTEN 
When comparing the building of kindergarten, from the energetic point of view its two-
storey version is more favourable. There is better its geometric characteristic A/V, the 
difference between heat losses is minimal, there is designed the same power of a heat 
pump and heating output is just 26% lower.  




BSim is useful software when simulating a building behaviour. There are many 
possibilities of defining thermal systems and finding the best ones for the particular 
case. Once the building is defined in the SimView editor, it is easy to make changes in 
the systems and parameters. 
The part of creating a building is disadvantage of this program. There are just three 
possible steps back and mistakes in the geometry of the inner room is almost 
impossible to repair differently than start the building’s creating all over again. Also in 
this phase the program often collapses, sometimes it is even necessary to restart 
whole computer. Another disadvantage is very difficult creating of buildings with 
different floors. 
Very good in this software is program for thermal simulations called tsbi5. Time for 
simulation is quite short and offer of the possible outputs is wide. There is possibility of 
choosing graphs or tables of progress during the day, week, month or year. The range 
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APPENDIX B1 - Energetic Label of Version A
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APPENDIX C1 – Ztráty 2009 (Version A) 
 
CALCULATION OF HEAT LOSSES OF BUILDING, HEAT 
DEMAND FOR HEATING AND AVERAGE THERMAL 
TRANSMITTANCE COEFFICIENT 
 
 According to ČSN EN 12831, ČSN 730540, Public Notice nb.. 291/2001 Sb. a STN 730540 
 
 Ztráty 2009 
 
 Object:  Kindergarten Líbeznice 
 Designer:  Anna Kubátová 
 Project:  Master Thesis 
 Date:  2.12.2011 
 Version:  A 
 
 Design temperature of outsider air Te:     -12.0 C 
 Average annual temperature of outsider air Te,m:  7.9 C 
 Factor of annual differences in outside temperature fg1:  1.45 
 Average inner temperature Ti,m:       21.1 C 
  
 Layout area of floor A:        424.2 m2 
 Exposed peripheral P:         90.3 m 
 Enclosed volume of heated part V:       3421.1 m3 
  
 Efficiency of heat recovery:         60.0 % 
  
 Type of object:       non-residential 
 
 FINAL INSPECTIONAL TABLE OF ALL ROOMS: 
 Design temperature of external air Te:  -12.0 C 
 
 Mark         Name of Temp.     Heated  Air  Total  % from  Ratio 
  
 fl./room    room     area  volume  loss  total  FiHL/(Ti-Te) 
  
   Ti    Af[m2]  V [m3]  FiHL[W]     FiHL  [W/K]     
  
  1/   1   lav II        24.0      10.9     32.7        143    2.6%    3.97 
  1/   2   chang II      20.0      19.8     59.4         -2   -0.0%   -0.07 
  1/   3   lav empl       24.0       2.4      7.2         97    1.7%    2.69 
  1/   4   chang empl     20.0       4.8     14.3        -11   -0.2%   -0.36 
  1/   5   supply         20.0       4.8     14.4         60    1.1%    1.86 
  1/   6   tr            20.0      16.8      5.4        127    2.3%    3.96 
  1/   7   hall          20.0      27.8     83.3         35    0.6%    1.08 
  1/   8  N - elevator      20.0       4.8     14.4         30    0.5%    0.94 
  1/   9   entrance       20.0       9.0     26.9        197    3.5%    6.14 
  1/  10   class II      22.0     101.5    304.5       1097   19.7%   32.25 
  1/  11   storage         20.0       9.6     28.9         -3   -0.0%   -0.08 
  1/  12   service         20.0       3.7     11.0         40    0.7%    1.24 
  1/  13   preparation I     20.0      17.2     51.5        -22   -0.4%   -0.70 
  1/  14   class I       22.0     101.4    304.2       1006   18.0%   29.58 
  1/  15   lav I         24.0      10.5     31.6        137    2.5%    3.80 
  1/  16  chang I       20.0      15.7     47.0         53    1.0%    1.67 
           
  2/  17   class IV      22.0     104.4    313.1       1161   20.8%   34.15 
  2/  18   lav IV        24.0       9.4     28.0        173    3.1%    4.80 
  2/  19   chang IV      20.0      16.2     48.7         56    1.0%    1.76 
  2/  20   com. r.          20.0       5.6     16.7         23    0.4%    0.72 
  2/  21   headm. off.     22.0      16.6     49.7        294    5.3%    8.66 
  2/  22   hall          20.0      25.4     76.1        109    2.0%    3.41 
  2/  23   storage         20.0      13.6     40.7         18    0.3%    0.56 
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  2/  24  N - elevator      20.0       4.8     14.4         61    1.1%    1.91 
  2/  25   service         20.0       2.5      7.6         -7   -0.1%   -0.21 
  2/  26   chang         20.0       4.3     13.0        -42   -0.8%   -1.32 
  2/  27   lav           24.0       3.2      9.7         77    1.4%    2.13 
  2/  28   preparation II    20.0      17.2     51.5          0    0.0%    0.00 
  2/  29   class III     22.0     101.4    304.2       1118   20.1%   32.87 
  2/  30   lav III       24.0      10.5     31.6        106    1.7%    2.95         
  2/  31  chang III     20.0      15.7     47.0         51    0.9%    1.60 
           
  
 Sum:      711.3    2088.7      6180  100.0%    181.97 
 
 TOTAL HEAT LOSSES OF BUILDING: 
 Sum of heat loses (heat output) Fi,HL  6.180 kW  100.0 % 
 
 Sum of heat loses by transmission Fi,T   3.711 kW   60.0 % 
 Sum of heat loses by ventilation Fi,V  2.469 kW   40.0 % 
 
 Heat losses, transmission:     Area:     Fi,T/m2: 
  
 External wall        1.771 kW    28.7 %     463.7 m2        3.8 W/m2 
 Ground floor              0.775 kW    12.5 %     360.6 m2        2.1 W/m2 
 Partition 150                 -0.017 kW    -0.3 %     231.3 m2       -0.1 W/m2 
 Partition 100                  0.045 kW     0.7 %     227.9 m2        0.2 W/m2 
 Ceiling               -0.006 kW    -0.1 %      51.7 m2       -0.1 W/m2 
 Terrace               0.081 kW     1.3 %      26.4 m2        3.1 W/m2 
 Partition 250                  0.005 kW     0.1 %     110.1 m2        0.0 W/m2 
 Roof              1.058 kW    17.1 %     350.7 m2        3.0 W/m2 
 
 BUILDING PARAMETERS ACC. OLDER REGULATIONS: 
 Total heat characteristic of building - ČSN 730540 (1994):  q,c =     0.05 W/m3K 
 Energy consumption for heating - STN 730540, Change 5 (1997): E1 =     3.96 kWh/m3,a 
 
 APPROX. SPECIFIC HEAT DEMAND FOR HEATING ACC. STN 730540 (2002): 
 Considered values:  - enclosed volume Vb =       3421.13 m3 
  - aver. inner temperature Ti =          21.5 C 
  - external temperature Te =         -12.0 C 
  - change multiplicity n =     0,5 1/h 
  - aver. output of int. Heat sources =  4 W/m2 
  - window transmission g =     0,5 
  - energy of solar radiation =     200 kWh/m2,a 
Given transmission and energy of solar radiation are considering for all windows because the orientation of windows and theirs   
transmissions are not part of submission. 
  
 Heat demand acc. to transmission heat losses Qt:       8920 kWh/a 
 Heat demand acc. to ventilation heat losses Qv:         37075 kWh/a 
 Approximate heat gains from solar radiation Qs:        21487 kWh/a 
 Approx. Heat gains from inner heat sources Qi:         14226 kWh/a 
  
 Total heat demand for heating Qh:         12068 kWh/a 
  
 Calculated approximate specific heat demand E1 =          3.53 kWh/m3,a 
 
 AVERAGE THERMAL TRANSMISSION COEFFICIENT OF BUILDING 
  
 Sum of coefficients of heat losses (approx. heat losses) by transmission H,T:     110.8 W/K 
 Area of building envelope A:    1201.4 m2 
  
 Limit calculated from U,req of individual structures Uem,lim:     0.33 W/m2K 
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CALCULATION OF HEAT LOSSES OF BUILDING, HEAT 
DEMAND FOR HEATING AND AVERAGE THERMAL 
TRANSMITTANCE COEFFICIENT 
 
 According to ČSN EN 12831, ČSN 730540, Public Notice nb.. 291/2001 Sb. a STN 730540 
 
 Ztráty 2009 
 
 Object:  Kindergarten Líbeznice 
 Designer:  Anna Kubátová 
 Project:  Master Thesis 
 Date:  2.12.2011 
 Version:  B 
 
 Design temperature of outsider air Te:     -12.0 C 
 Average annual temperature of outsider air Te,m:  7.9 C 
 Factor of annual differences in outside temperature fg1:  1.45 
 Average inner temperature Ti,m:       21.1 C 
  
 Layout area of floor A:        424.2 m2 
 Exposed peripheral P:         90.3 m 
 Enclosed volume of heated part V:       1895.1 m3 
  
 Efficiency of heat recovery:         60.0 % 
  
 Type of object:       non-residential 
 
 FINAL INSPECTIONAL TABLE OF ALL ROOMS: 
 Design temperature of external air Te:  -12.0 C 
 
 Mark         Name of Temp.     Heated  Air  Total  % from  Ratio 
  
 fl./room    room     area  volume  loss  total  FiHL/(Ti-Te) 
  
   Ti    Af[m2]  V [m3]  FiHL[W]     FiHL  [W/K]     
  
 1/   1   lav II        24.0      10.9     32.8        206    4.2%    5.73 
  1/   2   chang II      20.0      19.8     59.4        112    2.3%    3.51 
  1/   3   tr            20.0       8.3     24.8         88    1.8%    2.74 
  1/   4   supply     20.0       4.3     12.9        106    2.2%    3.30 
  1/   5   wc I          20.0       1.5      4.7         21    0.4%    0.67 
  1/   6   hall          20.0      28.9     86.7        196    4.0%    6.12 
  1/   7   entrance     20.0       4.1     12.4        128    2.6%    4.00 
  1/   8   comm. r.   20.0      6.2     18.6         67    1.4%    2.09 
  1/   9   headm. off.     22.0      12.1     36.4        262    5.4%    7.72 
  1/  10   class II      22.0     101.5    304.5       1602   32.9%   47.13 
  1/  11   storage         20.0      11.2     33.5         61    1.3%    1.91 
  1/  12   wc II          20.0       2.2      6.5         16    0.3%    0.50 
  1/  13   preparation     20.0      17.2     51.5         71    1.5%    2.22 
  1/  14   class I       22.0     101.4    304.2       1592   32.7%   46.82 
  1/  15   lav I         24.0      10.5     31.6        198    4.1%    5.51 
  1/  16  chang I       20.0      15.7     47.0        139    2.8%    4.33 
  1/  17   service I  20.0       2.3      6.8          4    0.1%    0.13 
  1/  18   service II       20.0       2.3      6.8          4    0.1%    0.13 
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 TOTAL HEAT LOSSES OF BUILDING: 
 Sum of heat loses (heat output) Fi,HL  4.874 kW  100.0 % 
 
 Sum of heat loses by transmission Fi,T   3.704 kW   60.0 % 
 Sum of heat loses by ventilation Fi,V  1.170 kW   40.0 % 
 
 Heat losses, transmission:     Area:     Fi,T/m2: 
  
 External wall        0.892 kW    18.3 %     233.3 m2        3.8 W/m2 
 Ground floor              0.776 kW    15.9 %     360.3 m2        2.2 W/m2 
 Partition 150                  -0.018 kW    -0.4 %      87.3 m2       -0.2 W/m2 
 Partition 100                  -0.002 kW    -0.0 %     129.0 m2       -0.0 W/m2 
 Partition 250                  0.007 kW     0.1 %      59.0 m2        0.1 W/m2 
 Roof              2.048 kW    42.0 %     360.3 m2        5.7 W/m2 
 
 BUILDING PARAMETERS ACC. OLDER REGULATIONS: 
 Total heat characteristic of building - ČSN 730540 (1994):  q,c =     0.08 W/m3K 
 Energy consumption for heating - STN 730540, Change 5 (1997): E1 =     5.65 kWh/m3,a 
 
 APPROX. SPECIFIC HEAT DEMAND FOR HEATING ACC. STN 730540 (2002): 
 Considered values:  - enclosed volume Vb =       1895.14 m3 
  - aver. inner temperature Ti =          21.4 C 
  - external temperature Te =         -12.0 C 
  - change multiplicity n =     0,5 1/h 
  - aver. output of int. Heat sources =  4 W/m2 
  - window transmission g =     0,5 
  - energy of solar radiation =     200 kWh/m2,a 
Given transmission and energy of solar radiation are considering for all windows because the orientation of windows and theirs   
transmissions are not part of submission. 
  
 Heat demand acc. to transmission heat losses Qt:       9020 kWh/a 
 Heat demand acc. to ventilation heat losses Qv:         20538 kWh/a 
 Approximate heat gains from solar radiation Qs:        11092 kWh/a 
 Approx. Heat gains from inner heat sources Qi:         7207 kWh/a 
  
 Total heat demand for heating Qh:         12174 kWh/a 
  
 Calculated approximate specific heat demand E1 =          6.42 kWh/m3,a 
 
 AVERAGE THERMAL TRANSMISSION COEFFICIENT OF BUILDING 
  
 Sum of coefficients of heat losses (approx. heat losses) by transmission H,T:     110.8 W/K 
 Area of building envelope A:    953.9 m2 
  
 Limit calculated from U,req of individual structures Uem,lim:     0.31 W/m2K 
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